
.6

,0 .

ED 1.0.9 149.

AUtHpit.'.
TITLE

,
4;

.TNSTTTVTION:..
. sgoNS VACY

RERORt
BOB-TAIT ,:

CONTRACT
NOTE

,

-

801S PRICE
*DESCRI1)TORS

Pr

-:!TOCUMENT RESUME .

6 ,
95 14.004 590

'I e

'Hooper, Frank.1.; lind,Other ',.

A Cross Sectional Investigation,,of*Child4nIs
klassifidatory Abilities. Technical Report No.
2M. .'t

Misbonsin Uiciv.., 'Madison. Resbarch and Development
venter foe Cognitiv Learning.'
NationaI.Imst: af Educatiiin.(DHEW)., Washington, D.C..

.

4- -e =

.
.

,N

NE -C -00 3 -0065

4$

TB. 295-
Feb :74

.;

0" 0 . 6

.J1F-$0.76 HC-$43$3 'PLUS plsTApg ., ,..
Chilarenrp'*Clagefication.; *Cognitivd-Ability;

, 1

. .

Concept.Forgation; *CrosS Sectional Studies;
*Elertientari Education; individual DifferencpS; ,

'Logicat Thinkihg; latrideS; Object'Maniphiation;,
PreSChool:Edudation;,-Statistical AnalySiS; .TaSk

. . lhalySis4/*Task Performance .
.

IDENWErERS
,
Piagetian TaSks ° ,

. .-

ABSTRACT
. d.

,

. ., 'A Series,of-Piagetial? concrete operations period '

taOS dealing with classificatory.concepts was administered to 280
ohiadteh40 subjects.from each of_seven levels--preSchool,

,
'.:kindergarten, and fiiSt, second, thirdfaurth, And sixth wades)...
OighifiCant mains effects for age were fund for all the tasks. Few
SignifiCant'sex'differences were observed. SCaling analyses of the

,patS/fall patterns indidated generally reliable(reproducibility
.coefficients of ,91-.93) order of difficulty: .Factor analysis of a
subset- of the tasks:indicate& that, three principal components were' ,

,;
necessary to account for 85 percent of the performance, variance.

,Aqiuse.4- nohunitary structure was'6und:or the childreios .

.perfOrMancq actors the present tasktarray,ali'd age raage. Ih general
agreement With the original,Contentions of Infielder and Piaget,*it

.

was catianded, that the _child's understanding, of the kogio inhlient, inP

class inclusion relationships evolVes graddally and is contingent
.upon the previous mastery of certain less complex claSsificatory

_ .skills.. Aueior/DEP) :

,

. ..

s

, '

o .
. 3 -v

. ; Is.

. ****,«*************4********A************44**************i***********:.
. .

'4. Documents acquired by ERIC include many informal unpublished:. ',*"

i* materalsit rot available othesources. ERIC makes eirery-effOrt,*
* toobtain the best copy availablec,nevertheless, item's of. marginal. *
*.-rbproducibility are often/ encountered arid this affects the, quality, **
* of the microfiche and hardcopy reproductions ERIC makes available Jc..

* via the ERIC Docume Reproduction SerVice (EDRS) . EDRS is,not.<7;-*,
* responsible for the quality of the original document. ReMducti6ns *
* supplied by EDRS are the best that can be made from' the origin'al. *

**************************************************i************i***4i.
.

','.

,
,

J

,
b

t

0





4

.O'.

1

1

1:

. 4

-

41-

r.

f#2

.

e .

: '

Technical Report- No 295
1-

oROSS-'.SECT/ ONAL INVt STIGATION
OF CHILDREN'S CLASSIPIGATORy ABILITIES

by

-Frank E H °per, ThOMas S. Sipple,
1

Jane ti; Goldman, and StienCer°. Swinton
-

°

s. {.

1

1

_Repo till froM the Project on
Children' z Learning and,DeveloPment

. .

I
t..

4
.

4 'frank Hooper a

,.principa InVeitigator

. 4 C 4
.4. .;

1

\

,. .
. , . - . .

WisConsfirRtsearch and Developmept .
' Center for, Cognitive, Learning

(
The University of Wisconsin

Madison, WisConSin.
. A °

February'1974 ,

a
..

o

I

o.



'r

e

12.1

0

, N

I

0

- J

t 0

\

t

-Published by,the Wisconsin Research and Development Center'for Cognitive teaming,

:supported in part as a research and developmene center by funds from the National

Insti4Ute o0Education, Department of Health, Education, WelVard.' The opinionS

'. expressed herein d6 not necessarily reflect the position or'policy of the National

Indtitutp of Education and ho official endorsement by tAat. agengy:shoUld be inferred.

''. . /0 .4.
1

. . . .. ...

genter Contract No. NE1C-00-3-0065

, 4



sue

r
.'

t

. I

4.

8

A

.

... .
" .

. ,
Statement, of Focus .,

,
. . .

, -\
individually Guided\Education (IGE) is, a° new tomprehehsive system of

. ,

, elementary- education. The,followinkpomponehis of the IGE'system are in .

varyihg. stages of development and- implementation:- anew organization for
instiudiion.and related adthinistrativeartandementsi ,h, Model Ofinstrhational.,.. , , , . , 4

,pro gianiing -for: stiident;, and- curriculum Oomponents in prere'ading;
-reading-, . mat ICemetics , motivation,_- and- environment al: education The develop =` ,

-Mont of other Curriculum components, of a-systen1 for;Managihg:inktr.uotton by , :.
-cOm4Puter, and of insirudtionaLstrategies:is;needed,to complete the hysteitie/
Contihuing-,prOgrammatio,reeearch is required to 'provide, a:Sound-.knowledge
haiii_ tor 'the Componentsunder developMentrindfor improvtilliecond' generation
components . finally-e-sYstematic implementation-is essen al-ea-that the..PrOd4. '.

uetewill.fuhction -proPerlY-in the IGE- schools: - :
-Tille-Center'Planeand'Oaxilee-Outthiasreaearch,'deVeloprhent,-Sand'imple-

. MentationcoMponentedf its IGE-Program-in this-sequence: (1) identify-the,
needs and delimit -the coraPtment.problein are4;:-;(2)--asiede the possible Cow, .

. straints-financial resources and ,avallipility- of= staff;. (3); fOrmulate"general
-.plahs:and apecifid--procedOea for solvingthe.'problems;-(4) secUre.and-allo-
-cate human_and-material -resotirCe*to=carriout_the -plans; ..(5)-PrOVideifor. ,..
effective communication -among_ ,Personnel and- efficient panagenlent-ofectivi-
iteirend- reiourOeiv and (6)-evalnate-the effectiveneit-oteachaetivity and -

.-its-,contribUtion to thetotai-.prograin.anci,corre:Ct any difficulties through feed-
back mechanisms .andhpProPriate.Onagement-techhiqhek.

-A.Self-renewing.-system of elemedterY.educatibn-ipfojected in ehch "-
-participating ipleMehtary Sch0014 1-. 6. , o he -wiiidh- isleis'dePendent cfiy,,external .1 .

soktr.ceS, for directioh=and 1S-More.reVonsive to the neediof the children attend-
-ing,each;53rticular School In-the IGE_schools, Center-.deVeloped:and".othee_
aurricUluni products ci3hipati6le-iViththe Center!s'instiltidtional-2pragreining,model
willlead to-higheit atud6nt.,achielieinereankself-d_irectidr. in learnihgand in-
conduct and _-dliotix higher MOrale_and Jo Satisfaction anteing edu-catianal.per-
sonnel Each developmental prodUct_makes its unique Contribution to IGE as
-it -is implethenied,:initht schools., The various research cbmpo nts add to the
knowledge of center practitioners, demelopersi andtheorists.
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Ii.series-of=Piagetiark concrete operations:period tasks dealing with clasti- J N

ficatory .coricepts was adrniriisteCedto 280 children (40 subJects from each Of ,

- sloven levels--;preschool-,.iihdergarten, arid first,stecond, .third, fourth, and_
_sixth grades). As-anticipated,-Significant main iffecttsjgrage were found-for
all.the frisks. FeW sigriificani*seN,differences were abseil/ad., 8Ca ling Analyses
of 41e-liassilailzpa tteiiis . iddicated.a:generally,reliable:(reproducibility coeft.

. fiaients- of -. 41, 93) order -odaticulty,, _i.e. ,:tree_sOrtinp < double- urine_ matrix
= "-reproduction-<---crbis_Claris matrix_toproductiOn.<-ards a class matrix transpo-

.litiori-< "Some- All" understanding < double -Serbia-transposition <- prodnctng .
-three exhaustive s'orting< clafeindlusion underitanding < combinatorial - 1. ,
reasoning., rector analysis of -i:itiliset.of.ttie tasksiiridicated-that-three prin-.',.
Cilia' components.were-necessary to account for-88V-Of-thegiifonnaildk=vai-1 . . .

,
-iande. Thues_a nonunitary structure.was.found_ior,thechUdren's,perforthanCes 4

across theprelerit-taikk,arrayerid age range. In general:agreement with-the . I

, original contentions ar-itI-elder and Pitiget, it Was concluded -that -the child's
-understanding of the logic inherent in class -inclusion relationshipsievolves
gradually ar4iscciritingent uPoh the previous mastery-oficertainiess complex
cla iefficatory skills. : .._ .

:Secondary analysesofithe multiplicative matrix taske-'1upportedthe-earlier
,findingethat the reproduction instructional _Set waeleie difficult than the ..

transposition instructional set: In contraieto the preVious research of- MacKay,
'' ,the=intermatrix_comparjsons- indicated_the 'Tollowing orders of difloculty for.the ;..

preschool to,seconcHtrade tubject subsiniple: '(a) reproduction taskt-orgis
:laire > double; series > ciassiseries'and (b) transposition-taskcross _class 81
double series > class/series, -Howevero major methodological deficiencies
in-the-present matrixtransposition,teak formats seriously question the task
-comParabilities and.therekre preclude any definitive generalizations. I

e ". -,
...

6 st

ix
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1

I
Introductory Considerations

Clasi and-relation concepts, as basic
calegotiee.of logico-mathematical thought
represent -art area-of primaryemphaais in. the
Piagetian model- of cognitive_develOpmentl.
In:thecaie of ittie concrete operational. period
DE midge hildhood, thib -emphasis- folloWs

.froth=alcorisicieration oi_thelogidal groupings
or-

--raroureinentbl-proposedby. Piaget. These.
-sUpTererdinatererganizationiare viewed as the
structural-411116 which subsume and interrelate
.ailiogiCaPieaSoning_during the-middle child- '
flood:Peri approximately 5 to 11 years
of -age. Four.-of the, groupements-tte concerned
withlogiaal,classkand four Complementary
'eases deal_withdogidal_refations. 'The most
important=cf these include primary additforrof

-classes -(aireVidenced; for'example_,. in the
classiinClusion--problem),-bi-univOcal multi-

,

plicatiOn-ofclasset-(as shown In matrix.corn-
pie tiOn ,Or- cies a intersection problems); .

tion of- asymmetrical relations (as evidenced
In seriatiOn:anthtransitive inference tasks,

conalusIdn that Aniust-be less than
C-on seine-dimension, if shown that A < B and

, -andinivocal multiplication of .
relations (as assessed, for estample,;ilf the
serial-correSpeindenceand double seriation

'matrixiaskS)._ As.maY be expected from a
'stage theory- -such aslPiaget's, these logical, °

orouoerrieniti- are 'theoretically predicted. to
emerge-im:parallei or concomitant fashion
during-the concrete operations period (cf.

-1970;_Hooper, 1973;, Wohlwill, 1963)..
ThuS me-would expect deveropm.entalsynchiony
to lie'sho_wn in childien's clasaificattsty and
relationality t.oncept task perform ances within
a_general period. .Infielder and Piaget (1964)
present evidence showing generally simulta-

. neouvaeguisition patterns, for classification .

and relationality (seriatioti) concepts. Each
a these-concept domains was seen to be
mastered in a three-stage sequence - -(I) pre-

operational, (II) transitional, and (HO' opera-
tional

soff
classification and seriation- -over the

approximate age range of 4 to 10. years:
Tasks derived from. the additive groupings
were found to be of appioximately_ the same
difficulty as. those based upon'the multipli-
cative groupings.'

Classes as objects of interest to the
developmental pikchologistifimbe viewed
in two mutually complementary ways. As
Flavell (1970) has pointed out.

4

"11

.

The entities called "classes'' have a
dual status in.human Cognition: On
the one hand, they are usually re:-
garded as essential- ingredients. of
the thinking process itself. Parti-
cularclaises,areconstantly bZing
retrieved-or- .constructed by the in- -

dividital and prbssed into service as
,conceptual vehicles Or instruments.
On-the otherhand,..claisea can also
constitute abstract objects of thotight.
The indi-Vidual may, in addition to
utilizing partictilar classes in his ,
everyday thinking, have expricit or
implicit knowledge of the logical -
properties of classes and classifica-
tion systems in general. The distinc-
tion here is between classes consicil-
ered as cognitive tools. and classes
taken as the elements 'of a subjeCt
matter or body of knoWledge--,
between the clasp es the subject
knows and what lie knows abou"t
,claSses (p. 9913.

It is classificatory knowledge in the sense
of general logical systems and associated
properties, rather than classes as isolated .
conceptual units, wh h.conptitutes one
of the more unique' con ibutinns-of the, .
Genevan investigatnrs. o criteria'
properties of classes are emphasized by the
the Piagetiarrs: clas's intension and :lass
gxtension Class intension, the 'qualitative.

A

6

a

'1

II

0



tire ..-
adeect,cf classificatory lOgic, refers to the
array of properties that are unique to all mem-

' bers of a given class and, thus serve to dis-_.
tinguish-that class category from all °filets.
in a-sorting task utilizing'geometric fornA,
these AntensiOe properties coulci,typicallyr
inclucle the attributes of silt*, color, and
size; Extensivepropeeties refer to the Atian--

- 0 titative aspecti.ofclassificator logic, i.e.,
the differential Magnitude telationshipsimplied

4 in superordinate/subordirkte class systems.'
This is usually assessed by presenting \the
subjedt-with amixedstimulus array (in an

-'.absiract Verbal or concrete perceptible pre7
sentaticinformat) that contains alhierarchy of
classes and subclasses. 'Questions dealing
-with- the relative magnitudes of.class exemplars
,preient and focuiing LiPbn such quantitative -*

_terms as some, a'A, and none are then agiced.

, .

e
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.
In terms of a.-mature clasdificatory logic,- the
the Class properties of intension and extension.
cannot be-viewed in iscilation.from eaCi other._
It Wthe coordination of these intensive and
extensivetpropertiei that definesAlie presence
of logical clessifiretory-abilittes for the con-
crete operations period. As Inhelder and
Piaget (1964).state,

We will therefore pose the following
as criteria 'for the operatfonal exis-
tence of classes: (1) The subject'. -
can jive an intensive definition of
a olass'in terms of a more general
cities an`d one or more specific dif-
ferences. (2) He can handle their
extension'in accordance.withthe
structureof inclusion, as shown in
ifiemaFterro£ the quantifiers -"all, "
"some , " and. "none"'ip .
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Preyious Research
1/

I The initial results reported by Itihe Eier
' and.Piaget (1964) and Piaget (1965) concern,:

log the child's abilities to deal with the
special properties of classes within over-
all logical system have been generall, sub7

-stantiated in subsequent replication attempts .
(e.g,, Elkind, 1961; .Hood, 1962; Kofsky,
1966; kovell, Mitchell, & Everett, 1962;
Siegel-& Kresh, 1971; and_Smedslund, 1964). .
These studies dealt with the abilities asso-
ciated with the additive properties of classes
and subclasses as indexed, for example, in
the "Some-All" and class inclusion tasks;
the ability to fora( and recombine class-
subclass relationships, e.g.', horizontal
reclassification and hierarchial classification
Skills; and the ability to view objects as
potential members of millciple class categories
and to "multiply" classes as measured in the
matrix type task (cf. Flavell, 1970). It should
be pointed out that these sezondary studies,
despite certain methodological reservations
(cf. Klausrneier & Hooper, ,1974), aresupe-
dor in general assessment design to the orig-
inal Genevan research. Most of the secondary
replication endeavors have administered All of
various classification tasks to the particular
age-,..graded subsampleg of children examined.
This was not tr is-Of the original Piagetian

" assessments, nd any primary assertions re-
garding concep task acquisition sequences,
relative task d fficultiet , and developmental
interdependencies are accordingly open to
question.

Kofsky (1963, 1966) has provided an ex"-
cellent theoretical discussion of classification
skills, from the Piagetian orientation. She
suipmarized the views of Inhelder and Piaget
(1964) regarding tne,componelt behaviors
found in the preoperatidnal and concrete oper-
ational periods whiCh culminate in Class in-
clusion ski"- as follows:

4

On the basis of their hypotheses, devel-

r

ti

p

opment appears to proceed.in 11 par-
tially steps. They contend
that classification begins when, the
child groups together two objects that
are equivalent because they look alike .

in some way- (resemblance sorting). As
the child growsQhe learns to extend the
scope of his grouping from two; to.more
thzn;two (consistent.sortingi, to all the
objects that could be.considered equiv-
alent in some respect (exhaustive sort-
ing) . The child also learns Which are
acceptable categoris's for, grouping.
PhysiCal proximity beComes a less
favored rheans of categorizing since the
resulting groupings are transitory (con-
servation). Experience' in constructing
one class at 4 time prepares the child
for forming successive and simultaneous
classifications and for understanding
class inclusion. Slowly the child hegins
to recognize that objects do not belong
exclusive}, indifferent categories fmul-
tiple-class meibership), and he actively
tries out different groupings of objects.
choosing first one and then another single
attribute as a focus for grouping (horizon-
tal classification) . As 1ps logical abili-
ties develop, his met4od'of choosing
criteria becomes more complex. He .

chooses single attributes to construct
successive classes (hierarchical classi-
fication). His use of combinatorial
structure (Inhelder & PiagetN1958) en-
ables him to form classes that-stand in
an inclusion relationship to each other
[1966, p. 192].

Kofsky designed 11 experimentalstasks to
assess the hypothetical' classificatory acquisi-
tion sequence proposed by Inhelder and Piaget
(1964) and administered these tasks, in a cross-
sectional assessment design, to groups of
children 4 to 9 years of age. The children's 4.

13
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performances indicated that six kvels of
classificatory logic were present In the fol-
loWing order of increasing task difficulty:

4

Le Vel 1--resemblance sorting and consis-
tent sorting, the ablity'to
match and sort objects on the
basis of perceptible attributes;

Level 2.----exhaustive sorting, in.whickall
blocks sharing a conmon attri-
bute were separated from a mixed
array, and an understanding of

some and all relationships
(i.e. , after presenting an array
of nine blocks which consisted
of four blue-squares and two blue-
triangles, and three red triangles,
the child was asked a series of
questions such as "Are all the
triangles fed ?");

Level 3--a knowledge of multiple class
membership in a task setting
which included triangular-shaped
blocks which varied in two sizes
and two color dimensions, and
an understanding that the overall
number of objects in two sub-
classes equals the number in the
superordina te class;

Level 4--conservation of classes in which
the child had to continue to asso-
ciate a nonsense syllable label
with a specific geometric form in'
spite of irrelevant transformations,
conservation of a class hierarchy
(i.e., with an array a two blue'
and :ix red square blocks the
chili is asked, If I took away
all ilae reds, are there just blues
left, just squares left, of both
blues and squares ?"), and.hori-
zontal reclassification in which
an array of triangle and square
shaped blocks in four colors were
sorted and"4-esorted according to
the differing potential criteria;

Level 5- -class inclusion skills which were
assessed with the same stimulus
array as the "some and all" task, .,

and asked the child questions
such as Are there more triangles
or blues? "; and

Level 6--hierarchical classification skills
in which the child had to demon- (A'

strate that in an array of four red,
and three blue triangle-shaped

d e

blocks, all the blocks shared
oe attribute (shape) but that
any one of the blocks had an

egadditional attribute (color) shared
' by only some of the blocks in

view.

Thus , Kofsky'foUnd a geieral sequence of
classificatory skill acquisition across the 4-
to 9-year-pld age range. There was °evidence,
however, that alternative task mastery sequen-
ces were present since only 27% of the sub-
jects (51% when three tasks were deleted from
the analysis) passed all tasks up to a point in
the predicted order of difficulty and failed the
remainder. Despite this reservation, Kpfsky's

,results (see also Allen, 1970) indicate that
classificatory competence is certainly not a

-discontinuous "all or none" phenomenon when
viewed within the usual age confines of the
concrete operations period. The most difficult
tasks, class inclusion and hierarchical clas-
sfication, were respectively passed by only
60% and 40% of the tyear-:old subjects.

The important prOblem area of develop-
mental synchrony or concurrence as postulated
by the structural characteristics of the, logical
cirouPements of the middle childhood years has
received limited attention in the secondary'

'Piagetian research literature (Brainerd, 1972;
Klausmeier & Flooper, 1973). As mentioned
above, Plage t maintains that additive and mul-
tiplipative conceptual abilities, within and
across the class and relationality domains,
are parallel acquisitions. Kofsky's (1966)
sequence of classificatory task mastery would
appeal' to argue against this viewpoint. Dif-
ferential task difficuWed for partial versus
complete multiplication of classes (the former
was easier) were found by Findlay (1971).
Some studies which have compared class in-'
clusion and multiplicative classificatory task
performances have found the latter to be of
lesser difficulty (e.g. , Kofsky, 1966) while
some have found it to be of greater difficulty
(e.g., Smedsiund, 1964); others have found a
decidedly equivocal picture (e.g., Wohiwill,
1968). A recent methodological analysis of
the'sotirce of children's class inclusion errors
(Brainerd & Kaszor, 1974)' has shown that per-

.ceptual set factors (cf. Ahr & Yguniss, 1970;
Wohlwill, 1968) and misinterpretation of the
criterion questions (cf. Klahr & Wallace, 19.72)
are not significant determinants of class in
clusion performance. Class inclusion under-
standing was found to be a rather late-appearing
concrete operational acquisition.

Relatively few studies (considering the
overall impressive volume of Piagetian in-.
spired research) have attempted a dicect
empirical assessment of class and relation

- on
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concept correspondence for children in the con

r-", crete operations period. Those that heave ex t
amined children's performances on more th4ri
two relationality or classification task domains

. (e.g. , Brainerd, 1972; Chittenden, 1964;
Lagattuta, 1970; Lovel4et al. , .1962; MaCKay,
Fraser, & Ross, 1970; Nassefat, 1963; Shantz,
1967; Smedslund., 1964; Wohiwill, 1968; Wohl-.
will, Devoe, & Fusaro, i971) have a mixed but

v generally- nonconfirmator picture insofar.as
developmental synchrony is concerned. In
those cases where moderately high-degrees of'
interrelationship were found, as in theornulti-
plicative class and relations tasks Used by .
Lovell et al. (196?.), Shantz (1967), and
Smedslund (1964) as well as in the original
performance similarities reported by Inhelder
and Piaget (1964), the inferred ability com-
monalities may be confoundedlo an Unknpwn
extent byoshared methqd variance (of. Shantz.
1967, pp: 133-135)... .

Smedslund (1964) found that lut of a total
sample of 1E0 ct illdren.ranging in ageoirom,k,.
years 3.months to 11 years 4 months, only one
subtect failed a clasS inclusion task and
Passed measures of Anultiple classification and
multiple relationility. In contrast, 21.9% of
the subjects passed class inclusion and failed
multiplicative classification; 24.4% passed
cllt..A intlusion ind failed re.lationa.lity. Al-
th OZ gil comparisons were n,ot presented for
separate age groups, the multiplicative class
and relatioo tasks were of approximately eqUal

` difficulty lot the overall sample, i.e., BI% of
the children either passed both tasks or failed,
both tasks. Shantz (1967) compared the per- .

formances of children 7 1/2, 9 112 and 11 1/2
years old on multiplication of classes (assessed
by the Raven Coloured Prooressivs:
Test) , multiplication of relations ;assessed by
using the "diagonals" of 4 x 4 matrices based
on various- continuous dimensions), and mul- c'

' tiplication of infralogical spatial relations
(assessed in an adaptation of Piaget's land-
scape.task). Significant rank order correla-
tions between the multiplicative class and
relational matrix tasks were found for the two
older subsamples. .

In another cross-sectional assessment
design, study, Lagattuta (1970) examined chit'-

, dren's abilities to deal with unidimensional
classification and seriation (relationallty) ,nd
matrix format multiplicative classification and
seriation tasks. It wasjounii th t a child
first develops (5 1/2 years of a e) the ability
to classify a simple arrangem tj somewhat
later (5 1/2 - 6.1/2 ye.afs) the child can suc-
cessfully deal with.a multiple classificatory
matrix. an-tow-rent with hats latter acquisi-
tion. simple serial skills develop (6 1/2
8 1/2, fears of age), while the ability to suc-

cessfully Order a serial matrix was shown by
the older subject's (8. 1/2 years) only. It was
tentativelli concluded, in apparent contrast to
Inhaeldenand Piaget (1964), that classificatory
skills develop independently of and prior to
seriation skills.

MacKay et al. (1970), dra*.ving upon the
earlier work of Bruner and Kenney (1966) and
Inhelder and Piaget (1964), compared the rela-
tive difficulties of multiple classification,.
multiple seriation, and combined class/series
matrix tasks for groups of children S to 8 years
of age., Each Child performed on one of the
tasks and was required to reproduce and to
transpose he presented matrix. The compari-
sons regarding multiple Classification and
seriation were derived irom an initial experi-
ment involving 90 children, i;vhile a second
experiment assessed performance gf an addi-
tional group of 48 children on tie class/series,

,matrix. As anticipated, performances' on all
the tasks improved significantly over the age
interval assessed. Matrix reproduction was
easier than transposition for the multiple seri-
ation and multiple class /series eases, and this
was post notable for the younger (5- .o 7-year-
old) subjects. Combining data from the two
samples, it was shown that reproduction of a '

'multiple seriation matrix was more difficult
than reproduction of a class matrix which was,
in turn, more diffiCult than the class/series
case. Transposition of the seriation matrix
was of greater difficulty thah either of the
other matrices".t Transposition of the class and
combined class/series task was of approxi-
mate)y equal difficulty. It was concluded that:

1. The ability to construct a matrix com-
posed of discrete categories is de-
velopmentally arr earlier acquisition `
than the ability to construct onecom-
posed Of relational variables.

15

2. A Ma n omposed of discrete cate-
gories n both directions is of equiv-
alent difficulty to one constructed
of discrete categories in one direc-
tion and a relational variable in the
other.

3. A matrix composed of discrete cate-
gories, is no more easily reproduced
than it is transposed, while niatrices
where either one or both variables
are continuous are more easily re-
produced than transposed.

,4. The great majority of children under
each conditionwho reproduce the
matrix do so as it is presented [MacKay
et al., 1970, p. 795].
---- A
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Relatively few studies have employed
longitudinal assessment designs in the inves-
tigation of Piagetian classificatory skills':
Dudek and Dyer (1972) examined children's
performances on a variety of Piagetian tasks

from the kindergarten to third-grade years.
'Utilizing the stage scoring systeE Of Lauren-
deau and Pinard (1962). they.found that 71%
of the children at the kindergarten level demon-
.stratel,stage 1B functionirig for the class in-
clusion task. 4 the.first-grade level approx-
imately equal numgeis of children were found
to be at stages 18, 28, and 3B. The secqnd-
and third-grade assessment intervals indica-.
ted 59% and 82% of the kkildred, respectively,
to be functioning at the highest,stage 3B level

' for the class inclusion task. Ih a continuing
'longitudinal study, gtephens (1972) has as-
sessed the reasoning, moral judgment, and
moral conduct of normals (I.Q.c6V-110) and
retardates (I.Q. 50-75) aged 6 to 20 years.
The normal subjects' average mental age lab-
determined by the We.gWier Intelligeate
Scales) for criterial performance on a class'
intersection task'we's 6 years. Adequate,per-
formance on themajoritIt of the class inclusion

,t/ asks, in contrast, was not'achieved until
ental ages. of 7 to 8 years were attained. '

.

6

O

ir

'11

0

The most difficult classinclusion task (a\for-
rnat consisting of four cards, each of which*
pictUred a duck,. and three additional cards,
each of which pictured another bird--"Are there
moAducks or birds on the table ?")*indicatel
a.corresponding mental age of 16 years'.

Wohlwill et al. (1971) inchided sponta-
neous gyouping/craifi-cation, class intersec-
tion, and class inclusion tasks in an investi-
,gation-of concept development in children
aged 5-to 8 years. There were three assess-
ment points over an 18-month time interval. 111.

Over this age ranatand time interval, chil-
dren's spontianeous 4rquping on a block place-
ment task showed an increased reliance upon
categorical rule% and relationships. On the
class intersection task, significattt increases
in the number of correct chOices and the num-
ber of dimensions verb.alized in describing the
stimulus arrays were found. For the clasd

) inclusion tasks, in contrast, there was a .

notable lack of consistent older versus younger
subject performance differences over the three
test cic.,casions. Pictorial presentation formats
were consistently more difficult than verbally
presented class inclusion tasks (see aleo
Wohlwill, 1968). .

16%

111
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The Present Investigation
.

, The present. investigation
1

is concerned
with thpiclassificatorySbilitiesOf 5tO 12 -'
year-o d children. The classtficatory ability
domaiWwas assessed by tasks measuring
,sorting, "Some-All" relationships, multipli-
cative (Ass) classification, andeclass in- .
clusion. Ifi an;attempt to replicate the find-
ings of MacKayt(1,9:72) and MacKay et al. /
1970), a "theasure of multiple relationality

.(double -sedation) and a, combined clasP/
series matrix were included. In addiWn, a
Measure of combinatorial elsoning was ad=
ministered toall but the youngeti %pup of
children. The primary objectives of this study
were (1) to 'examine, the development of repre-
sentative clwificatory skillsAbm 5 to 12
years of age 72) to examine the relative task.. ,
difficulties did associated task interrelatiOn-
ships over this age range, (3) to examine the
dimensional structure of the present Piagetian
task series, and (4) Co examine the relative
difficulties within the matrix task formats
(i.e.,. reproduction versus transposition) and
across the various.matrix types\ (r.e. , cross
classification versus double sedation) to

"assess the reliability of the results of,
MacKay'V ar.'(1970).

M.thod
Qv

Subjects
o

Subjects for the study were 286 school
children from the. Watertown., Wisconsin,
school dis'itrict. This school distribt has a
populatiOn of approximately 21,000 persons
and encompasses (1) the city of Wetertown, a
prosperous semi-rural community 40 miles
northwest'of Milwaukee, and (2) the surround-
ing farming area. Forty Ss were drawn from
each of seven grade levels: preschool, kin-
dergarten, and first, second, third, fourth,.-
and sixth grades. Distribution of the subject

0

°
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population `by age and sex is given in Table I. \
Thelreschool subsample consisted of children. '
enrolled in a private nursery school in Water-. L.
toWn.*..the remainder of the sample consisted
of children enrolled in the Watertcvh public
school system. At the preschool level,, chil-
dren,,were selectedsandomly from the, entire ;
population of the school. .From eacliother
grade level, the as were randomly &elected-,
from those children retprning parentaIconsent.
slips.'

,

Procedure

Eight tasks were adapted to assess the k,

development of classification, spd related
skills.' These tasks were (Alined into four
twin groups: Group I (Free Sort, Dichotomies),
Group INSome-All, Class InClusion), Group III
(Cross Classification Matrix, Classification
Seriation Matrix, Double Sedation Motrix), and
Group IV (Combinatorial Reosontrig). The order
of aesentation of these groups was ;andornize
for each S. Within Group I', the order was ,

fixed: the Free .Sort task always preceded the,
Dichotomies. Within Group II.as well as
in Group III,:the<order of task presentatidnwss
randomized. One half of thechildren at the ' ,

kindertrarten , and second, ,fciurth,
.

,

1The eight task's used in the study were -
pilot tested with a sampll of=23 children
ranging in age-grade level from preschool to
eighth grade.. This provided essential famili-
arization experiences for the project assess-
ment personnel. Based on this pilot study,
decisions were madesregardipg which grade

to,include in the final study arvi'whIch
tasks to present at each gradeslevel.' In addi-
tion, certain procedural modifications were in-
dicated for each of the respective task formats.

7 "
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4 Table 1
. ,

DISTRIBUTION OF THE SUBJECi POPULATION BY GRADE, MEAN AGE, AND,S X

Grade° SubjeCts Male's Females Mean Age
.

Range

Pre 40 23. 17 5-0 4-1 to 5:9

40 ; 23 17 = 6-3 5 -6 to 6-9

1 40 ' 2L 19 7-3, 6-8 to 8-1
-.-

t
2 40 ; 23 17 '872 7-9 to 8-9

4 3 40 16 24 9-2, 8-4 to 9-9

4 40 , 15 '. 25 10-3 9-6 to' 11 -9

6 40 25 15 12-2 11-7 to 13-0

V

.

and sixth grade levels received the entire `-
Piagetian task series first and a task based
on the conceptugt learning and deVeloment
(cip) model second. For the remaining sub-,
Jects, this order was reversed:? Subjects
from the kindergarten and dist, second, third,-
fourth, and sixth glade levels received all' '
the tasks in the batteiy. Because pilot data

, indicates that preschool_children did not un-
derstand the instructions for the cornbinator-'
ial reasoning task, the preschool Ss did not
receive that task. e

Asa rule, Ss received the entire battery
of tasks in one sitting. However, due to
scheduling interruptions, it was necessary
for a number of Ss to receive the battery in
two sittings. The administrationtime for the
battery ranged from 22 minus to 60' minutes.
The Es were 3 males and'l f&nale, all in ,their
twenties.

;

to

a
V

/-2It should be pointed out that the present
stu-i served:as a pilot to a larger7scale lon-
titudinal investigation (Hooper & Klausmeier,
1973) relating d more comprehensive 2rray of

* Piagetian tasks to a series of tasks based on
the model of conceptual learning and develop-
?nent.

8

Assessment Tasks

The materials and procedures used in the
eight assessment tasks are summarized below.
Complete instructions for these tasks are pre-
sented in Appendix A; scoring sheets are given
in Appendix B..

1. Free Sorting(adapted from,,Kamii &
1969):

Material. 3

o

, 3 small red circle block's
3 small blue circle blocks
3 small red square blocks
3 small blue square blocks
2 large red circle blocks
3 'large blue circle bloCks -
3 large red square blocks.
2 large blue square blocks

.

3Throughout die descriptions of mdierialS,
"small" (circleesqrrire, triangle) refers to a
block with a circumference-of 204 millimeters
and. a thickness of 10 millimeters'. "Large;'
(circle ,.square, triangle). refers' to-..abIock
with a circumfererice of 308 millimeters and a
thickness of 10 millimeters.,

O
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Procedure. The blocks, were placed before S
in a scrambled fashion so that the different
classes were scattered throughout the arrange-
ment.. E madelnquiries about the blocks until
S had verbalized all relevant distinguishing
attributes. This done, E instructed to "put
together all the blocks that go with each
other." When finished, S was asked why he
grouped them as he did. Scores on the task
ranged from 043: A subject was considered
o have passed this task tf his groupings were
based upon siZe'or shape or color (or.any. =

b

combination of thefnj as criteria; thus, scores-

ranging.from -1 to 3 were considered passing
level on this task. ..

2. Dichotomies (adapted fiom Kamii & Paper/
1

1969

Materials. Stimuli. were the same, as in the free
free sorting task, supplemented with two flat
open boxes, each about 9 inches x 12 inches.
One box was placed on each side of the, group,
o'f, mixed blocks.. '

' Procedure. For the first dichotomy, was ..
instructed to divide all the'blockS.into two'

'buhches by placing one kind ,in each box.
W-hen.a.thad. finished, he was asked to explain
the way he divided the blocks. Fpr the second
and.third dichotomies, this procedure was re-

. peated; each time E asked.a to divide the
blocks in a different way than, lie had done

'be'fore. qf during these three dichotomous
sorts, a had dichotomized` the blocks accord-

ing to two of the three acctepted criteria (size,
%sheep., and color), he was presented with a
fourth sorting opportunity. Scores on this
task ranged from.° to A subject was con-
sidered fohave passed if he divided the 151.ocks,
by size, by shape, apd by c6lOr. Therefore,
a 's core 3 was designated a pass for this
task.

3. Some-All. (adapted from Koisky, 1966):

Materials.

3 ;small red triangle bloc ks
2 small blue triangle blocks 4

4 small blue square blocks

Procedure;-The stimuli, all oriented in the
sangdirection, were placed ori.the table.
The red blocks were mixed in with the blue as
were the triahgles with the squares. Prior to
the trial que.'stibning, warm4up inquiries were
made so that S verbalized all attributes dis-
tinctive to the classes. The four trial ques-
tions were then presented.

-

I

*

41.

J. 1. "Look at all the red blocks. . . .

Are, all.the red blocks triangles?"
2. "Look at all the triangle blocks. .

Are alt the triangle blocks, red ?"
3. "Look at all the,square blocks. . .

Are all the square blocks blue?"
'4., "Look at all the Slue blocks. . . .

Are all the blue blocks squares?!;

These.questlons were asked in random order.
For the last two questions presented, S was
asked to justify his responSes. Throughout
this 'task S was not permitted to manipulate'
the blokks. ,Scores,ranged from 0 to 4. To
pass this/task, a subject was required to
answer,all four trial questions. qorrectly.

4. c_ molass-Inclusion (adapted froKofsky, 1966).

Materials.
11,

3 small red triangle blocks
2 small blue triangle blocks
4 small blue square blinks
3 small yellow circles
2 small blue .circles

Procedure. This task consisted of five trials
presented, in a fixed order: Stimuli 14 the
first triar.were three small red triangle blocks
and two small blue triangle blociis: The q'ues-
tion was, "Are there more triangle blocks or
more red blocks ?" Stimuli for the second
trial were three small yellow circle. blocks,
and two small blue circle blocks.' The ques-
tion was, ''Are there more blue blocks or more
circle blocks?" Stimuli for the third, fourth,
and fifth trials were ,three small red triangle

.blocks two small blue triangle blocks, and
four small blue square blocks. The questiOns
were, 43) "Are there. more triangle .blocks or
more red blocks?" (4) "Are there ,more blue

;Mocks or more square.blocks0' and (5) "Are
there more blue blocks or More triangle
blocks?" For each trial, 4he blocks were
Placed "S`uqh that the clasp attributes follciwed
no apparent order°. For trials 2 and' 3,
labeled the, classes and asked Bto count the
members in each. FolloWing g's answer to
each of the last three trials., 5asked lor a
justification, The score range was from 0 to
5. To pass, a subject w,,s required to answer
all the trial questions correctly.

5. Matrices (adapted from MacKay et al. ,.1970).

Materials.' Each.mafrix was arranged4on a
square wooden board/sectioned se as to
produce nine individal squares, each 110
x 110.millimeters: .

19
9
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a. Cross Classification Matrix
Stimuli were three small square blocks,.

'Three small circle blocks, pnd three;
shall triangle blocks. One block of
each'shape was red, one was yellow,
and one was blue. The blocks were ar-
rayed on the color and shape dimensions.
Classification Seriation'Matrix
Stimuli were nine cylinder blocks, each
:fiaving.a diameter of 65 millimeters:
three were 100 millimeters high, threq
were 75 millimeters high, and three were
50 millimeters high. One block of each
lieighttwas red, one was yellow, and one
was blue. The blocks were arrayed on
the color and height dintensions.

. Double Sedation Matrix
Stimuli were,nike.cylinder blocks; three
were 100. millimeters high, teee were
75 Millimeters:high, and three were'SO
millimet0 high. tne block of each
height had a diameter of-100 millimeters,

'one was 65 millimeters in diameters and
one Was'35 Millibetecs in dianieter.c All
the cylinderslyere blue. The blocks -

were arrayed on the widih and height
dimenSions.

o C

Procedure.' The three matrix tasks wempre-
sented in random order.4.For each matrix
were asked.to'perform, in -a fixed order,..the
tasks of replacement,reproduction, and
transpOS,ition. Instructionstwere
for each matrix. .

identical placementof columns was assigned

.

a. Replacement.
g removed first one, then two, and finally.
threg plapedk blpcks from the
matrix, and each time S was askg&to put
them b k where they were before E. re-
moved ern.

b. Reproductioh.
E removed all the blocks from itis'atiix,
and S was asked to put them bads so the -
bbardlooked just the same as .it did be-7',

fore E removed them.' ),

CI<frang1DOSItiOn

s.Pmoved all the blocks from the matrix
and then placed the bloCk,that had origi-
nally occupied thdiower left-hand-square
on the upPqr left -hand square. 8 wad then
asked to place the blocks on the board so'
they made A "pattern like they did before."

Scores on each reproduction and each
transposition matrix subteVsk ranged from
0 to 4.. For each 'reproduction And transposi-
tion subtask, the child was given a point
score' of 0, 1, or 2 on each dimension.,

-

2 points, as'was the identical placement of
rows. Reversed (or interchanged) pINcement
of columns was assigned) point, as was the
reversed placement qt rows. Inconsistent
placement of columns was assigned a point
score of 0, as was the inconsistent placement.
of rows. In order to pass the arossclassifi-
cation matrix reprOduction salote'dk, a subject
Was required to classify one dimension in one
dirdction and the other dimenSion in the otk*
direction. In order to pass the classification
seriation matrix reproduction subtask,, a sub-
ject was requirecrto cl'a'ssify the color dimenr
sion in one direction griti to sedate the height
dimension in the other direction. rn,Order to
pass the double'seriationmatdx rep4oduction-
subtask, a subject was required to sedate,
one dirdension.in one direction and the other
dimension in the Other direction. In order to
pa'ss each of the transposition subtasks, a is
subject was re'quite, d to fulfill the same criteria
as for the.reproduttion cases without moving
the repfaced block. ,

0 .:

6. Combinatorial Reasoning (adapted from '. .
ggqcingm,1152) 0

. ..s! ,
Materials. ,MLM-65'cpunting chips, each
chip the size of a nickel: '10 red: 10 green,
10 yellow% JO blue; 10 white, 10'orange,
10 brown, 10.1ight

..
Procddure.'4E explained that in this game g
was ,to use the chips to make pairs of different

. " colors. Using threegroups of chips,(each.
group .a.different.solod, E explained and demon-
stratedstrated the two rules of the .game: - each

:pair must, have two colors iid (2) each new
pair must be a combination of colors not yet
formed. L. then placed on the table four dif-

,
ferent color piles of chips' and asked g to form'
as many pairs as possible using the* colors.
When S finished the chips were retned to
their piles and S was askedlo do the same
with chips of six differentcolois, SUbjects -
who satisfied the criteria of formirig 12 or'inore
correct pairs, and who had no more than four
repeated pair's, Were given two new colorstand
asked to continue making as many pairs as
possible. Scores ranged from Oito 28. The
total`correcf pair's formed were calculated.br
subtracting the number of repeated pairs from
the number of distinct pairs a subject formed.,
A subject was considered to have pasSed if
the total correct nairs equaled 28, and a 'sys.-0,
tematic.approach (cf. Goodnow, 1962, pp. 6-7
and 15-17) was used. ,

.
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' Initial Consideration's

Initial oonsideratiorii concern the eval-
uation of certain order df presentataion effects.
As indicated previously,'one half of the pre-
school kindergarten. and second-, fourth-,
and sixth-grade subjects received the entire
Piagetian task series. first and the concept
task series' based upon the CLD model second.
Fol. the remaining subjects, this order of pre-
sentation Was reversed. Ir.Jofar as the
Piagetian task array is'concerned, there was
a notable absence of any significant presen-
tation order effects with theexception:of two
cases. In the.free sorting to k, subjects who
initially received the Piagetiah task battery
significantly outperformed (Mean score = 2.38)
the comparison group (mean score = 2.06).
Conversely, subjects who initially received
the CLD model "equilateral triangle" concept
task were superior (mean score =-. 2.03) to the
comparison group (mean score = 1.58) on the
dichotomies task. Comparison of the scores e
of thcle subjects who received the "Some-All"
task pefore the class inclusion task (1=139)
to the scores of Subjects who received these
tasks in reverse order'W =141) failed to.re-.
vealany significant differences on the respec-
tivelasks similar fashion, a post factb
comparison of the average scores of subjects
on the three matrix tasks failed ;to indicate
any, significant differences due to the six
poesible different presentation orders for
either the rejiroduction or transposition
measurement 'formats.

primai9 Results
.

The geneial performance patterns of the
individual age-grade subsamples and the
overall composite sample are aesented in .
Tables 2 and 3 (means and standard devia-
tions) and in Tables 4 and 5 and Figures 1 to
7 (percentages of passing subjects)," Insofar
as the mean scores are concerned, factorial
variance analyses indicated significant grade .
level main effebts for all 11 measures (sag
Table 6). Significant main, effects for the sex
factoY were found foi the cross classification t
reproductiori and combinatorial reasoning
tasks. F values which approached signifi-
cance were observed for the dichotomies and
crois 'classification transpositiontasks. In
all. these instances ttielemale subjects'
scores exceeded those of their mare counter-.
parti.:. The -age-grade level x sex interaction .

effect was significant for the "Some-All"
relationship task and approached significance
for the combinatorial reasoning task. In the

4

.
- 0,

former case post hoc comparisons indicated
marginal female subject superiority at the pre- . .
school level, i.e., k= 1:993, tif= 38,

<.10 (two-tailed probabill.ty valuel, and a
variable pattern of nonsignificant sex differ-
ences at the remaining age-gradelevels, ,
male superiority at the kindergarten and second
and fourth grade levels and higher female sub-
ject scores at the first, third, and sixth grade
levels. -In-the combinatorial reasoning case,
while female superiority was shown at all age-
grade levels except kindergarten, it was most
notable at the third and fourth grade levels,
i.e., t= 2.262, Llf= 38, .g<'.05 and k= Y.708,
cif = 48, p < :respectively.

Subsequent data analyses and associated
discussion will be concerned with the children's
performances on the basis of dichotomous pass/
fail criteria (Tables 4 and 5 and Figures 1, to 7):
As anticipated, X2 comparisons indicated.sig-
nificant improvements in criterial performances

'across the present.age -grade range (i.e.,, all *

X2 values exceeded 22:46, cji = Cl, n < .001).
Comparisons of male versus female perform- '
anceszor the overall combined sanigle were .

. nonsignificant except for cases of female
superiority for the production of.three dichoto-
mies (X2 = 7.308, c.if= 1, .g < .01) and cross
classification matrix reproduction (X2 = 5.767,
cif.= 1, p <'.02) tasks. These`patterns are in
essential agreement, with the parametric analy-
ses of variance reported above.

Inspection of the trends presented in
Figures 1 tcr7 perMits cerwin task-specific
generalizations. Initially considering the ..
overall composite sample of 280 children, the
relative difficulty of the Piagetian fask array
may b.e characterized in terms of seven approx-
imate ability grouping. These are presented
in Table 7. 7

As Table 7 makes clear, there is a cops-
siderable range of task difficulty in the present
measurement series. Figure 1 indicates that
the free sorting task was mastered by 75% or
more of the children. at the youngest age-grade
level.. A similar pattern is shown for the case
of producing a single dichotomy. Eighty per-,
cent of the second-grade children could produce
a second dichotomy, however, the 75% subject
passing criterion was not attained for the third
'dichotomy case until the fourth to sixth,grade
levels (the remaining analyses concerning the
dichotomies task will deal exclusively with

. this latter third dichotomy case).

The percentages of subjects who'passed
the "Some-All," class inclusion, and com-
binatorial reasoning tasks are presented, in
Figure 2. As anticipated from the results of
pievious investigations (e.g.. Inhelder &
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Table 2

ND STANDARD DEVIATIONS Or' THE ASSESSMENT TASKSMEANS A

FOR EACH OF THE SEVEN GRADE LEVELSa

Grade, --(N)' Free Sort Dichotomies
Combinatorial

me -All Class Inclusion Reasoning?

. Pre

,,Males 23 1.6,1 (1.16) .83 (1.23) 2.96 (.93). 2.65 (1.1 1).

Females 17 1.55 (1.27) 1.00 (1..17) 3.47 (.51) 2:71 (1..53)
Total 1.63 (1.19) .40 (1.19) 3.18 (.8i) 2.68. (1.29)0

ti

Males 23 2.52 ( .73) 1.35 (1.34) .3.65 (.57) 3.22 (1..13) 7.70 5.4)
Females 17 2.47 ( .80) 1,.06 (1.39) 3.41 (..62)-- 2.76 ( .90) ,6:71 15.29)

`Total 40 2.50 ( .75) 1.23 (1.35) 3.55 (.60) 3.03 -(-1.05) 7.28 (5.46).
I

It.

Males 2P '2.48 .68)" 1.24 (1.45) 3.48 (:68) 3,14 (1.15) 10.24 (6.61)
Females 19 2.58 ( .8t1) 1.;47' (1.35) 3.68 (.48) 3.63 (1.21) 14..68 (8.76)
Total 40 2,53 ('.75) 1.35 (1.39)1' 3.58 (.'59) 3.38 (1.19) 12.35

.-
(7.93)

2
,

Males 23 2.13 ( .81) 1.65 (1.43) 3274 (.54) 3.65 ,98) 18.61 (8.88)
' Females 17 2.47' ( .80) 2.41 (1.18) - 3.53 (.72) 1.;53 (V.23) 16771 (8.87), . -

Total. 40 2.28 ( .82) 1.98 (1.3.7) 3.65 ('.62) at60 (1:08) '17.80 (8:8,1)

4.4
3

Males 16 2.25 ( .86) 2.00 (1.41) 3.63 (;62) 3.38 (1.09) 18.19, (9..68)

Females 24 2.46 .59); 2.21 (l'.25) 3.88 (.3 3.92 (1.28) 24.21 (6.72)
Total .40 2.38 ( .70) 2.13 (1.30) 3.78 (.48): ; 3.70 (P.22) 21.80 (8.46)

4

Males, 15 2.20 ( .77) 1.93 (1.33) 3.9314.26). 4.33 ( .82) 19.67 (9.60)
Females 25 2:36 ( .76) 2.76 (`.66) 3.88 '(.44) 4.40 ( .76) 2431'6 (6.57)

0
Total *40

,
2.30 -(` .76) 2.45 (1:04) 3.90 (.38) '4.38 ( .77) 22.48 (8.03)

4 .

'6
Males 25 2.40 ( .64) 2.44 (1.12) 3.84 (.47) 4.40 1 .824 26.36. (4.08)

gi Females 15 2.40 ( .83). 2.53 (1.06) 3.93 (.26) 4.53 ( 4 9 2) 27.20 :00)
Total 40 2.40 (-. 71) 2.48 (1.09) 3.88 (.40) 4.45' ( .85) 26.68 (3.29)

Overall Sample

Males 146 2.23 ( .86) 1.62 (1.40) 3.59 (.68) -3.52 (1.17) 16.80 (9.91)b

Females 134 2.35 ( .87) .1.97 (1.31) 3.70 (.52) 3.69 (1.29) 19.40. (9.60)",
Total 280 2.29 ( .87) , 1.79 (1.37) 3.65 (.61) 3.60 (1.23) 18.07 (9.85)"

aStandard deviations are giVen in parentheses.
bData not for al1.280'subjects.
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. Table 3

MEANS AND STANDARD DEVIATIONS OF THE MATRIX ASSESSMENT TASKS

FOR EACH OF THE SEVEN GRADE LEVELS

Cross Classification
-

. Repro,- Trans-
Grade (N) . duction Position

Pre-

Males 23
Females 17
Total 40,

Ofte

Males 23,
(Females 17
Total 40

1.96 (1.46)
2.29 (1.53)
2.10 (1.48)

2.70 (1.26)
2.71 (1.41)
2.70 (1.26)

1139 (1.41)
2.35 (1.32)
1.80 1.44)

2.22 (1.73)
2.35 (1.37)

'2.28 (1.57)

Males 21 3.19 (1.08) 2.95 0.40)
Females 19 3.84 ( 250) 2.84 11.30)
Totc.1 4g 3.50 ( .91) 2.90 (1:34)

2

Males 23 3.09 (I,.35) 2.51.(1.34)
Females 17 3.94 ( '.24) 3.12 (1.32)
Total 40 3.45 (1.11) 2'.80 (1'.34)

3

Ma lab 16 3.19 ( .91) 2.88(1.31)
Females 24 358 ( .78) 3.42 ( .78)
Total 40 3.43'( .84) 3.20 (1.04)

C

4
z

Males 15 3.67 ( .72) .3.47 ( 54)
Females 25 3.52. ( .77) 3.46 ( .77)
Total 40. 3.58 .75) 3..48 ( .72)

6

Males 25 3.64 ( .70) 3.56 ( .71)
Females 15 3.80 ( .41) 3.27 ( .88)
Total. 40 3°.70 ( .61)' 3..45 ( .78)

Overall Sample

Vales 146 3.03 (1.24) 2.68 (1:45)
Females 134 3.40 (1.03) 3.02 (1:17)
Total 280 .21.(1.16) 2.84 (1.33)

. .

Classification Seriation Double Seriation

Repro- Trans- Repro-
duction position duction

Trans-
position

3.b9 (1.4,1)
3.41 ( .8d)
3.23 (1.20)

-3.83 ( .49)
3.47 (1.07)
3.68 ( .80)

2.0 (1.55)
`2.65 (1.66)
2.35 ('1.59)

2.91 (156) 1.96 (1.61)
3.18 (1.59) 2.29 (1.31)
3.03 (1.56) 2.10 (1.48)

2.48 (1.44) 3.39 (1.42) 1.91 (1.73)
3.00 (1.46) 2.94 (1.60) 2.24 (1.60)
2.70 (1.45) 3.20 (1.34) .05 (1.66)

. .
3.43 (1.08) 3.52 ( .81)
3.84 ( -.37) 3.53 (1.02)
3:63 ( .84) 3.53 ( .91)

3.96 ( .21)
3.82 ( .39)
3.98 L.30)

3.75 (..58)
3:92 ( .28)
3.85 ( .43)

3.48 (1.12)
2.8S (1.27)
3.23 (1.21)

3.90 ( .44) 3.29 (1.15)
3.84 ( .69) -2.79 (1.47)
3.88 ( .58) ° 3.05 (1.32).

.
3.74 (' .92)

0
3.70 ( .93)

3.76 ( .97) 3.06 (1.39)
3.75 ( .93) 3.43 (1.17)

3.31 (1.14) 4.00 ( .00) 3.69 ( .70i
3.63 ( .65) 3.96 ( .20) 3.88( :45)
3:50 ( .88),;3.98 ( .16) 3.80 ( .56)

3.73 ( .46) 3.53 ( ,64) 4.00 .00) 3.53 ( .92)
.4.00 ( .00) 3.60 .( .91) 4.00 ( .00) 3.80 ( .58)
3.5M .30) 3.58 ( .81) 4.00'( .00) 3.70 ( .72)

3.96 ( .20)
393 ( .26)
3..95 ( .22)

3.67 ( .81)
3.79 (1.56)
3.73 ( .71)

3.60 ( .58)
3.47 (1.06)
3.55 .78)

3.12 (1.23)
3.29 (1.18)
3.21 (1.21)

aStandard deviations are-given in parentheses.

t

23

3.68 (1.11)
4.00 ( .00)
3.80 ( .88)

3.62 (1.02)
3.70 ( ..9?)
3.66 (1.00)

4.00 ( .00)
3.60 (1.12)
3.85 ( .70)

3.16 (1.41)
3.16 (1.30)
3::14 (1.35)

0
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. Table 4

PERCENTAGE OF SUBJECTS PASSING THE ASSESSMENT TASKS

AT EACH OF TIE-SEVEN GRADE LEVEL?

Grade (N) _Free Sort Dichotomies Some-All
Class

Inclusion
Combinatorial

Reasoning

Pre .

Males 78.3 17.9 3041 4.3',23.
Females 17' 76.5 17.6 47.1 11.8

*Total ,40 . 77.5 1.7.5 37.5 7.5
4

. K -e
Males 23

. O

100 30.4 69.6. 13.0 0

Females 17 100
-

29.4 47,1 0 0

t Total 40 100 30.0 60.0 7.5 0

1

Males 21 100 38.1 57.1 9.51 0. Females 19 94.7 ' 31.6 613.4 . 31.6 0

Total 40 97.5 35.0 62.5 20.0 0

2 , .

Males 21 95.7 47.8 78.3 21.7 22.0
Females 17 100 76.5 64:7 . 23.5 5:9
Total. 4Q 97.5

-.
60.0 72.5 22.5 15.0

3

Males 16 100
p

1 62.5 68.8 18.8 12.5
Females 25 100 .66.7 87.5 45.8 . 20.8
Total 40 100 65.0 ....89.-0 35.0 17.5

4
. .

Males 15 100 53.3 93.3 46.7 13.3
Females 25 100. 84.q 9,2.0

.
56.0 24.0

Total 4b 100 72.5 92.5 52.5 20.0

6 0

Males 25 100 76.0 88.0 60.0 48.0
Females 15 100 80.0 93.0 73.3 40.0
Total. ' 90 . .

100 77.5
e

90.0 65.0 45.0 ...

Overall Sample

Males 146 §5.9 45.9 68.6 24.7 17.06.

Females 134 96.3 56.7 73.1 35.8 15.3b
Total 280 96.0 51.1 70.7 30.0 16.3b

IL

19

bData not for all 280 subjects.
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a. .1 ...

Table

PERCENTAGE OF SUBJECT.S"PASSING THE MATRIX ASSESSMENT TASKS

AT EACH OFTHE SEVEN GRADE LEVELS

Grade ' (NY

Cross Classification
'Repro- Trans-
duction position

Clas cation Sedation
Repro- Trans-
duction positiob

Double Seriation
Repro- Trans-
duction position

. Pre'
Males 23 39.1 -26..1 82.6 47.8 60.9 30.4
Female's 17 47.1 47.1 82.4 58.8 76.5 29.4
Total 40 42.5 35:0 82.5 52.5 67.5 30.0

K

'Males 23 ' ° 56.5 47.8 95.7 56.5 4. 73.9
,.

30.4,
Females 17 52.9 . 41.2 3t8.2 70.6 64.7 35...3:x.
Total 40 55.0 45.0 92.5 ' 62.S : 70.0 32.54.

.t
.

1

Males 21 61.9 61.9 90.5 81:0 95.2 66.7
Females .19 94.7 63.2 100 , 89.5 94.7 52.6
Total 40 77.5 62.5 95.0 85.0 95.0 (60.0

2
. .

Males 23 69.6 65.2 100 82.6 91.3
Females 17 100 76.5 100 70.6 94.1

487.0
st.s

Total 40 82.5 70.0 100 77.5 92.5 75.0.
- i .

.3

Males 16 81.3 75.0 - 93.8. 81.3 100' 81.3
Females. 24 83.3 91:7 100 91.7 . 95.8 91.7
-Total 40

a
82.5. '85.0 97.5 87.5 97.5' 87.5

4,,

Males 15 93.3 . 9313 100 93.3 100 73.3
Females 25 96.0 92.0 100 92.0 100 38.0
Total 40 95.0 92.5 100 92.5 100 82.5

6 '
Males 25 96.0 100 -... 100 96.0' 92.0 100
Females. 15 100 - . 100 100 93.3 . 100 66:7
Total 40 97.5 100 100 95.0 95.0 654

Overall Sample .
i

Males 1'46 69.9 65.8 94.5 76.0 86.3 66.4
Females 134 82.8 74.6 96.3 82.1 90.3 65.7
Total 280 , 76.,1 70.0 . 95.3 78.9 .88.2. 66.1

o ..
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0 A

a

.Piaget, 1964; Kofsky, 1966), the "Some-All"
task was of significantly lesser difficulty
than the class inclusion measure..For tite
"Some-pl" task the 75% subject passing
level Vas reached for the second- and third-
grade subsamples, this level was no't even
attained. for the older fourth-, and sixtli-grade
subtamples on the class inclusion 'task.
Combinatorial reasoning as assessed in the
child's systematic pair-wise combinations of
cokors is clearly the most difficult task in the
present array.- As expected fF a measure re-
lated to formal operations period functioning,
fewerthan 50% of the sixth-grade subjects
coact successfully deal with these task
demands.

A case of intermediate relative..task dif-
ficulty is shownlor the various matrix tasks
(see Figures 3, 4, 5, 6, and 7). Seventy-five

<

24

A

.

percent df the first-grade children could 'suc-
4 cessfully reproduce the cross glas§iflcation

matrix, and 9P; of.this age-gradd group
passed the class/series and double series
comparative cases. For the matrix transpo-
sition tasksthe 75% criterion was reached in
the first grade for the class / series case and
in the _second grade for the cross oclassifica-N%
Lion and double sedation matrices (see Figure.
7). As expected (cf. MacKay et al. , 1970),
the reproduction task requirement was less
difficult than the transposition instructional
set for the double seriation.and class/series
matrix cases (Figures 4 and 5), and these
differences were most notable at the youpger
age-grade levels.. A more extensive analysis
of the matrix 'task perfotmances is presented
in the final portion of this Results section.

Table 7

/14

SUMMARY OF SEVEN ABILITY GROUPINGS

Ability Grouping % of Children Passing Task (N=280)

Producing one dichotomy
Free sorting
Reproducing the class/series matrix
Reproducing the double series matrix

I

98.2
96.7
95.3
88.2

IY Transposing the class/series matrix 78.9
Reproducing the cross class matrix

Producing two dichotomies 74.3

HI Understanding "Some-All" relationships 70.
Transposing the cross class matrix 70.0
Transposing the double series matrix 66.1

IV Producing three dichotomies 51.1

V Understanding class inclusion relation-
ships 30.0

VI Combinatorial reasoning (not given to
preschool Ss, N=240) 16.3

41T
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Ihterrelationsnips Among the Tasks. The vari-
ous pass/fail interrelationships within the
present task array are presented in Tables 8
to 19 for the separate age-trade subsamples
And in Tables 15 to 17 for the overall subject
sample. Inspection of,these tables_ reveals
a number of task relationship patterns and task
performance dependencies or intertask puta-
tive acquisition sequendes. TheSe.issues
lead to tyk associated analysiS' questions:
*(1') the question of intertask dimensionality
and (2) the question of across-task sociability
in terms of relative item difficulties.

The Dimensionality of the Tasks. Haying
established that there exist strong relation-
ships among the 11.piagetian tasks, we turn
to the investigation of the dimensionality of
these relationships, The task of-assessing
the dimensionality of pass/fail data has
captured the interest of researchers from
Thurstone through Guttman to Bentler. The
techniques of the first two are utilized in are
present discussion. One approach to studying
relationships among binary items is that of
computing tetrachoric correlation coefficients
and employing principal components analysis
to the resulting estimates of parameters of
the assumed underlying multinormal distribu-
tion.

For the 11 Piagetian tasks, the following
matrix of tetrachoric correlations was com-
puted by means of Saunder's method, using a
computer program written by Froemel (1970).

- The combinatorial reasoning task Was scored
"fall" for all preschool children-to give a
matrix on the complete sample of 280 children.
The tetrachoric correlations among the 11
tasks are presented in Table 18. These cor-
relation values were derived from the pass/
fail patterns presented in Tables 15 to 17.

The tetrachoric coefficient, like most
coefficients of association for 2 x 2 tables,
gives a value of 1 when one cell is empty.
In particular, rtet for free sort versus combina-
torial reasoning, based on the entries, is
unity:

FS

0

CR

0 1

230

*11

39

0

Considering first the six matrix tasks,
which represent more than half the tasks in
the battery and thus are likely.to determine
the principal components of the entire set, we
see that both stimulus (cross class, class/
series, and double series) and mode

(reproduction versus transposition) contribute
to the relations among the Matrices. The
median of the three correlations within repro-
duction across r..atrix type is .670; within
transformation the medianqs .689; within
matrix type the median is .742. In contrast,
thb median of the six correlations having
neither matrix type nor operation in common
is .59..

A principal components analysis of the
sin Matrix tasks led to a first principal corn-
ponenrthat accounts for 70.3% of the total
variance, indicating the high association
among the' six tasks. LOadings on this com-
ponent bf variance range from .80 for cross
class reproductioh to .89 for class/series
reproduction. The second principal compo-
nent accounts for only an additional 10.6% of
the variance and separates the reproduction
tasks, with positive loadings' from .02 for
class/series reproluction to .48 for double
series reproduction, from the transposition
tasks, with negativ4 loadings from -.03 for
double series transposition to -.50 for class/
series transposition. Table 19 illustrates
both the high degree of unicilmensionality of
the tasks and the relatively sin, ller but pre-
dictable loading of the two types of tasks on
the second factor of reproduction versus trans-
position method variance,

Although we see the matrix tasks to be
essentially unidimensional, the important
question for the current study is the degree
to which this dimension is embedded in the
structure of the e-.iire Piagetian battery.

The complete set of 11 tasks was thus
subjected to a principal components analysis,
resulting in three principal components
accounting for 57.0%, 15.2%, and 8.5% of
the variance, respectively._,Communalities
based on these thrle components ranged from
a high of .94 for free sort and .98 for com-
binatorial reasoning (the least and most dif-
ficult tasks, respectively), which formed a
doublet factor because of their tetrachoric
correlation of 1.0, to a low of .58 for "Some-
All." All of the matrix tasks had relatively
high loadings on the first principal component,
with clash inclusion and combinatorial rea-
soning also loading signif&fantly on this dimen-
sibn.

The second principal component was
determined. by the free sort-combinatorial
reasoning dimension, with small negat've
loadings on the matrix tasks, while the third
component again distinguished between repro-
duction and transposition matrix tasks, as
had the second in the previous analysis, but
had its highest loadings on dichotomies and
"Some-All." Thus it would seem that while
there exist relations among this set of tasks,

(
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Table 8
O

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING '

THE ASSESSMENT /TASKS --

_ PRESCHOOIt SUBSAMPLEa

FS . 3D SA . CI
....

CCR CCT C .SR , CST DSR DST .

FS 31 '6 12 3 12 11 25 15 21 9'
. ,77 .19 .39 ._19 .39 ',35 .81 .48 '',68 .29

3t 6 7 6 3 5 4 7 5 7 :.3

.86 .18 .86 .43 .71 .57 1.00 .71 1.00 .4
SA , 12 6 15 2 6 5 14' 8 10 3

.80 .40 .38 .13 .40 ,33 .93 .53 .67 .20

.CI 3 3 2 3 3 3 3 3 3 2
1.00 1.00 .67 .08 1.00 '1,00 1.00 1.00- 1.00 .67

CCR 12 5 6 3 17 1,0 15 10 13 8
.71 .29 .35 .18 .43 .59 .88 .59 /76 .47

CCT 11 4 5 3 10 14 14 12 12 8
.79 .29 .36 .21 ,71 .35 1,00 .86 .86 .57

CSR 25 7 14. 3 15. 14 33 21 26 12
.76 .21 .42 .09 .45 .42 .83 .64 .79 .36.

CST 15 5. 8 3 . 10 12 21 21 .17 11
.71 .24 .38 .14 .48 ..57 1.00 .52 .81 .52

LSR 21 7 10 3 13 12 26 17 27 11
.78 ,26 .37 .11 .48 .44 .96 .63' .67 .41

DST 9 3 3 2 8' 8 12 11 11 12
.75 .25 .25 .17 .67 .67 1.00 .92 .92 .30

FS
31

.77
1,

CI
FS I 3

.10

31 of the 40 Is passed 3 of the 31 Ss passing
S, yielding a proportion FS also passed CI,

of .77. yielding a

of .10.

Task abbreviations are explained in Table 6.

26

DSR

27 of the 40 Is passed
LSR, yielding a pro-
portion of .67.

DSR

13 of the 27 Ss passing
DSR, also passed CCR,
Melding a proportion
of .48.

7
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Table 9

CONTINGENCY TABLE OF FREQUENCIES AND PROP ORTI ON& PASSING

THE ASSESSMENT TASKS- -

- KINDERGARTEN SUBSAMPLEa

lie

A

FS 3D SA CI OCR CCT CSR CST DSR DST CR

FS
40

1,00
12

.30
24

,60
3

.08
22
55

18
45

/ 37
,93

25
.63

28
.70

13
.%

53
0

.00

3D
'12

1.00
12

:30
9

,75
0

.00
8

.67.
. 7

..58
,'11

.92
7

,58
12

1.00

16
.67

3

.25

8.'
.33

0
,00

0
00SA

24
1.00

9
.38

24
60

3
13

12
.50

11
,46

23.
.96

15
.63

CI. 3
1.00

0

.00
3

1.00
3

.08
3

1,00
3

1.00
3

1.00
3

1.00
2.

,67
2

.67
0

.00

CC-
22

1.00
8

.36
12

.55
3

.14
22

.55
14

.64
21

.95
16

.73
20

.91
9

.41
0

.00

CCT
18

1,00
7

,39
11

.61
3

.17
14

.78
18

.45
16

.89
14

.78
. 14
,78

9

.50
0

,00

CSR
37.

1.00
11

,30
23

.62
3

.08
21

.57
16

-43
37

,93
24

.65.
.27
.73

13
,35

0
.00

CST
25

1,00
' 7

.28
15

.60
3

.12
16

.64
f4

.56
24

,96
25

.63
17

.68
11

.44
0

.00

DSR
28

1:00
12

.43
16

,57
2

,07
20'

.71
14

,50
27

.96
17

.61
28

.70
12

,43
0

.00

DST
13

1,00
3

.23
8

.62
2

.15
9°

.69
9

69
13

1,00
11

.85
12

.92
13

.32
0

00

CR
0

.00
0

.00 i

0

.00
0

.00
0

.00
' 0

.00
0

.00
0

.00
0

.00
0

.00
0

.00

aSde key, Table 8; task abbreviations are explaineci,in Table 6.
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-,. . Table. 10

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING

\.... THE ASSESSMENK TASKS--

FIRST-GRADE SUBSAIvIPLEa

FS 313 SA CI 1 CCR COT CSR CST ,. DSR DST 'CR

FS
39

.98
13

.33
24

.62
8

,21
30

.77
25

,64
37

.95
34
87

37
,95

24
.62

a
.00

all 13
.93

.14
.35.

11

.79
4

.29
11

.79
.12
.86.

14
1.00

13..
.93

F4

1,00

.
.8 .

.57

.,.
0

..00

SA
24,

.96

'' 8
1.00

11
.44

4
.50

.
25

.63

7

.88

7

.28

if
.2b

20'
.,80

6

.75

17
68

5

.63

24
.96

8
1,00

22.
.88

24
.96

14
56,

0
,00

CI 8
1,00

8
1,_00

5

,63
0

.00

CCR 30:
97

11
,5

20
.65

6
.19

31
.77

23
.74

31
1.00

28
.90

30
.97

20
.65'

0
.00

CT 25
--ti

1 .00
12

.48
17

.68
5

,20
23

,92
* 25
.63

25
1,00

25
1,00

24
$6'

17
.68 ,

0
.00

CSR
37

.97
14

.37
24

.63
8

.21
31

.87
25

.55
38

.95
34 -

.89
37

.97
24

.63
0

.00

CST
.

34
1.00

13
38

22
.65

8
.24

2S
.82

25
.74

34
1.00

34
.85

33
.97

23
.68

0
.00

DSR
37

.97
14

.37
24

.63
8

,21
30

.79
24

,63
37
,7

33
87

38
$5

24
,_63

24
,60

0
,90

( 0
.uuDST

24.
1.00

8
.33

14
._58

5

,21
20

.83
17

,71
24

1,00
23

.96
24

L00

CR
0

I .00
0

,00
0

<00_
0

.00 I

6
.00

o
.00

0
'.00 -.

o
.0(2

0
.00

o
.00

0
.00

a See key, Table 8; task abbreviations are explained in Table 6:
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Table 11

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING

THE ASSESSMENT TASKS-- .

SETIOND-GRADE SUBSAMPLEa

FS 3D SA .. CI CCR OCT CSR CST DSR 1..ST .. CR

FS
39

.98
24

.62
28

.72
9

43
32..

.82
28

.72
39

1.00
30

.77._
36

.92_
30

.77
6

.15

t.Dti 24
1.00

24
.60;

20
,83

6

.25
22

.92
19

.79
24

1.00
20

.83
23

.96
19

,79
5

.21

SA
28

.97
20

,69
29

.73
7

-.24
25

.86
21

.72
29:

r.00
23.

.79
28

.97
25

.86
6

;21

. 2
.22

5

.15

CI
9

1.00
6

.67

22'
.67

7

.78

25
.76

9

.22

7

.21

Z,

.78

33
.83

.8
.89

24
.73

9
1.00-

33
1.0

8'
.8 '41,00

' 25.
.76

9:,

32
k.97

8
.89

25'
.76CCR 32

'97

CCT
28

1.00
19

.68
21

.75
8

.29
24

,86
28

.70
28

1.00
26

-.93
.,

,31
,78

27
.96

37
,91.

24
£i§ -

30
.75

4
.14

6

.15CSR
39

.98
24

:60
29

,73

..
9

.23
33

, 83
28

.70

.
40

'1.00

CST
30

.97
20

.65
23

.74
8

'.26
- 25
.81

26
.84

31
1.00

31
.77

29
.94

25
-81

30
v. el

4
.13
..1

6

.16DSR
36

,97
23

.62
28

.76
9

.24
32

.86
27

.73
. 37
1,00

29
.70

37
.93

'S'
30

1.00
10

.63
25

.83
8

.27
25

.83
24

.80
30

1.00
25

.83
30

1.00
30,

.75
6

.20

. 6

.15CR
6

1.00
. 5
,83

6

1.00
-,...,2
.33.

5
.83

4
.67

6
1.00

4
.67

6
1.00

6
1.00

a See key, Table 8; task abbreviations are explained in Table 6.

29.



.4*

30

Table 12

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING

THE ASSESSMENT TASKS- -

THIRD -GRADE SUBSAMPLEa

'Pr

FS .3D SA CI CCR CCT CSR CST DSR DST CR

F.k
40 26 32

:i
14 33

:
34
:

39 35 . 39 .35 7

3D
26

1,00
26

.65
29

.73
10

'.38
24

.92'
21

.81
25

.91
24

;92
26

140
24

'''.92
4

.15
,

32
SA .,1.00.

19
.59

32
.80

13
.41

26
,81

28
,88

31
.97

29
.91

31
,.97

29
.91

6

.19

,14
CI 1.00

10
.71

13
.93

0
14

.35
13

.93

.t,

13
.93

14
1.00

13
.93.

14
1.00

12
,86

4

129

CCR .331.00
24

.73
26

.79
13

.39
33 .
.83'

29
.88

33
1.00

31
.94

33
1.00

30
.91

6

;18
...

COT
34

1,00
21

.62
.. 28

.82 -
13

.

.38
29

.85
34

.85
34

1,0
29

.85
33

.97
29
.85

7
.2'1..

CSR
39

1,00
25

.64
31

.79
14

.36
33

,85
34

.67-
39

.98
34

.87
38

.97
34

,87
7

.18

CST
35

1.00
24

.69
29

.83
13

.37
31

.$9
29

.83
34

.97
35

.88
35

1,00
32

.91
6

.17

39
LSR 1,00

26
.67

31
.79

14
.36

33
.85

33
.85

38
-.97

35
-.,90

39
.98

34
,87

6

.15

35
EST 1.00

24..
.69

29
.83

12
.34

30
.86

29
.83

34
.97

32
.91

34
97

35
,$kt

- ..
6

,17

CR
7

1.00
4

.57
6

.86
4

.57
6

.86
7

1.00
' 7

1,00
6

.86
6

.86
6

'.86
7

.18

aSee key, Table 8; task abbreviations are explained in Table 6.
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Table 13

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING

THE ASSESSMENT TASKS --
)

FOURTH-GRADE SUBSAMPLE
a

FS 3D SA CI CCR CCT CSR CST DSR
-..

DST CR

FS
40

1.00
29

.73
37

.93
21

.53
38

.95
37

.93
40

1,00
37

.93
40

1.00
33

.83
8

.20

3D
29

1.00
29

,73
27

.93
18

.62
28

.97
26

.90
'29
.00

27
.93

29
1.00

23
.79

7
,24

SA
37

1.00
27

.73
37

.93
18

.49
35

.95
34

.92-
37

1,00
': 34

.92
37

1,00
30

.81
8

.22

CI
21

1.00
18

.86
18

.86
21

.53
21

1.00
21

1.00
21

1.00
21

1.00
21

.1.00
17

.81
5

.24

CCR
38

1.00
28
74

35.
.92

21
.55

38
v .95

35
;92

38
1.00

36
.95

38
1,00

31
.82

8
.21

CCT 37
1.00

26
.70

34
.92

21
.57

35
-.95

37
.9a

37
1.00

36
.97

37
1-,00

31
.84

8

.22

CSRs''s
40

1,00
29

.73
37

.93
21

.53.
38

,95
37

.93
40

1,00
37

,93
40

1.00
33

.83
8

.20

CST
37

1,00
27

.73
34

.92
21

,57
36

.97
36

.97
37

1.00
37

,93
" 37
1.00

31
.84

8
.22

LS12
40

.1.00
29
73

23
.70

37
.53-

30
.91

21
.53

f7
.52

38
.95

-
31

.94

37
93

31
.94.

40
1,00

33
1.00

37
,.93

31
.94

40
1:00

33
1.00

33
.83

33
.83

8
.20

7
.21

DST
33

1.00

CR
8

1,00,
7

.88
8

1.00
5

.63
8

1.00
8*

1.00
8

1.00
8

1.111)

8

1.00-
7

.88
8

.20

aSee key, Table 8; task abbreviations are explained in Table 6.
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Table 14

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING

THE ASSESSMENT TASKS--

SIXTH-GRADE SUBSAMPLEa

FS 3D SA CI CCR CCT CSR CST DSR DST CR

FS
40

1,00
31

.78
36

.90
26

.65
39

.98
40

1,00
40

1.00
38

.95
38

.95
38

.95
18

.45

3D 31
1.00

31
.77

28
.90

20
.65

30
.97

'31
1.00

31
1.00

29
.94

31
.97

29
.94

15
.48

SA
.

36
1,00

28
b.78

36
.90

.25
.69

35
.97

36
1.00

.36
1.00

34
.,94

34
.94

34
.94

18
.50

CI
26

1.00
20

.77
25

.96
25

.65
25

.96
26

1.00
26

1.00
24.

'.92
25

.96
25

.96-
13

.50

CCR
39

1.00
30

.77
35

.90
25
64

39
.98

39
1.00

39
1.00

37
.95

37
95

37
.95

17
.44

CCT 40
1.00

31
.78

36
.90

26
.65

39
.98

40
1.00

40
1.00

38
.95

38
.95

38
.95

18.
.45

CSR 40
1.00

31
78

36
.90

26
.65

39
.98

40
1.00

40
r".00

38
.95

38
.95

38
.95

18
.45

CST
38

1.00
29

.76
34

.89
24

.63
37

.97
38

1.00
38

1.00
38

.95
36

.95
37

.97
16

.42

DSR
38

1.00
30

.79
34

.89
25

.66
37

.97
38

1.00
38

1.00
36

,95
38

.95
36

.95
t 16

,

.42

DST
38

1.00
29

.76
34

.89
.25
.6.

37
.97

38
1.00

38
1.00

37
.97

36
.95

-38
.95

16

.42

CR
18

1.00
15

.8
18

1.00
13

.72
17

.94
18

1.00
10

1.00
16

.89
16

.89
16

'.89
18

.45

a Sge key, Table 8; task abbreviations are explained .A Table 6.
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Table 15

CONTINGENCY TABLE OF FREQUENCIES AND PROPORTIONS PASSING,

THE ASSESSMENT. TASKS-

ALL GPADESa

.

FS 3D SA CI CCR CCT CSR -CST DSR DSD

FS 269
.96

141
.52

193
.72

84
.31

206
.77

193
.71

257
.96

214
.80

239
.89

182
.68

3D
141
.99

143
.51

120
.84

61
.43

128
.90

120
.84

141
.99

125
.,87

141
.99

r
109
.76

SA
193
.97

120
,61

198
".71

75
.38

, 159
.75

152
.77 - 194

.98
165
.83

180
.91

143
.72

IC I
84

1.00
61

.73
75

.89
84

.30
78

.93
79

.94
84,-

1.00"
80

.95
82

.98
71

.84

cal 206
.97

118
.60

159
.75

78
.37

213
.76

174
.82

2210
.99

..41z63
.86

203
.95

160
.75

CCT
193
.98

120
.61.

152
.78

A79
.40

174
.89

196
.70

1,94
.99

NO
.92

185
.94

156
-.80

\

CSR
257
.96

141
.53

194
.73

84
.31

210
.79

194
.73

267
.95

219
.89

243
,91

184
.69

CST
214
.97

125
.51

165
.75

80
.36

183
.83

180
.81

2)9
.99

221
.79

204
.92

170
.77

DSR
239
.97

141
,57

180
.73

82
.33

203
.82

185
.75

243
.98

204
:83

247
.88

180
.73

DST
182
.98

109
,59

143
.77

71
.38

160
.86

156
.84

184
.99

170
.92

180
.97

185
.66

aSee key, Table 8; task abbreviations are explained in Table 6.
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Table 16

FREQUENCY AND PROPORTION PASSING THE COMBINATOFtIAL REASONING TASK

AND EACH OTHER,ASSESSMENT TASK COMBINING

KINDERGARTEN, FIRST, SECOND, THIRD, FOURTH, AND SIXTH GRADESa

FS 3D SA CI CCR CCT CSR CST DSR DST

N Passing CR

N Passing Other Task 39 ' 31 38 '24 36 37 39 34 360 35

Proportion 1.00 .79 .67 .62 .92 .95 1.00 .87 .92 .90

aTask abbreviations are explained in Table C.

. tt

Table 17

FREQUENCY AND PROPORTION PASSING EACH ASSEgMENT TASK

PLUS ,THE COMBINATORIAL REASONING TASK, COMBINING

KINDERGARTEN, FIRST, SECOND, THIRD, FOURTH, AND SIXTH GRADESa

FS 3D SA CI CCR CCT CSR CST DSR DST

, N Passing Task 238 136-1'83 81 196 182' 234 200 220 173

N Passing CR 39 3'1 38 24 36 37 38: 34 36 35

Proportion .16 .23 .21.30 .18 .20 .17 .17 .16 .22

aTask abbreviations are explained in Table 6.
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Table 18..

MATRIX OF TETRACHORIC CORRELAT.IONSa

FS.

3D

SA

CI

CCR

CCT

CSR

CST

DSR

-DST
00

CR

FS

1.000

.664

.505

1.000

.302

.743

.363

.380:

.498

.696

1.000

3D

1.000

.595

.573

.678

.614

.702

.496

1.907

.440

.634

.

1.000

.663

.358

.481

.713

.398.

.382

.425

.901

CI

1.000

.709

.829

1,000

.773

.770

.594

.657

CCR

1.000

.802

.849

.646

:828

.671

.625

CCT

1.000

.872

.844

.713

.762

.810

CSR

1.000

.923

.916

.928

1.000

CST
,

1.000

.634

.814

.325

DSR\

1.000

.875

.261

DST

1.000

.651

r.

CR

1.000

eh.

aTask abbreviations are explained in Table 6.
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.Table 19

LOADINGS ON PRINCIPTIL COMPONENTS OF THE SIX MATRIX TASKS (N=280)

Varlablesa PC1 PC2

. CCR .80 .30
CCT .84 -.25
CSR .89 .02
CST .82 -.50
DSR .A8
DST .86 -.03
Eigeh Value 4.22 .64

aTask abbreviations are explained in Table 6.

the data do not form a unidimenslonal pattern;
this is partly because of the difficulty factor
introduced by the extreme range frOm free
-sort to combinatorial reasoning but more impor-
tantly because, while -;lass inclusion seems
to relate to general competence on the matrix
tasks, dichotomies and "Some-All" are more
strongly related to the reproductthn-,ranspo-
sition dimension, the status of wnich is
unclear in Plagetion theory.

Applying a varimax rotation procedure to
the loadings resulted in the values given in
Table 20.

The major effect of this column-variance
maximizing rotation on the original principal
component loadings was to emphasize the
separationof the matrix tasks from the others
by placing the second, factor directly through
the free sort-combinatorial reasoning doublet,
thus increasing the loadings of all non-matrix
tasks on this factor.

To the extent-, then, that principal corn-.
ponents analysis of tetrachoric correlations
is a technique robust with respect to the
problems of the analysis of binary data with
a wide range of item difficulties, it seems
that these tasks as presently constructed
contain several performance dimensions. Thus,
further development is needed if it. is-desired
to discover invariant sequences other than
those predictable from item difficulty alone.

While the problem of spuriously high
relations leading to doublet factors may be
solved relatively easily by orpitting tasks of
extreme easiness, such as free sort, the large
number of matrix tasks seem to create two
"matrix" factors whibh remain apparent when
these tasks are combined with the,others. To

`overcome this artifactual, structure, cross
classification and double seriation reproduction

, were selected as single measures of their
respective constructs and an analysis was
performed on a subset of six measures, none

36
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of which had tetrachoric intercorrelations of
unity.

Deleting free sort, transposition matrix
tasks, and the classification seriation repro-
duction task and applying the principal com-
ponents with roots greater than 1, accounting
for 55.9% and 19.4% of the total variance,
respectively. A third cox; ,.,,vent accounted
for 9.4% of the variance. Loadings of the
six variables on the first two components are
given in Table 21.

The loadings on the first component exhi-
bit a fairly narrow range, from .68 to .82,
suggesting nearly equal amounts of i;ommon
variance for the six tasks. The second seems
to pick up a contrast between combinatorial
reasoning and "(Some-All" on the one hand and
the matrix tasks on the other. While elimi-
nating the extremely easy tasks and matrix
transposition resulted In a set for which the
main dimension loads nearly equally on all
tasks, the loadings are not impressively high,
suggesting that while the tasks have asigni-
ficantamount of shared variance, partly
because all are age-related, unique variances
remain high, and .taken as a set, they do not
represent a reliable measure of a single con-
.tinuum. This, of course, does not demon-
strate that the underlying structures do not
Ile on a single dimension; it does suggest
that further attention to reducing sources of
performance variance in tasks embodying
Plagetian concepts is needed if a simple

-structure is to be uncovered.
, Guttman Scale Analysis. Several appli-

cations of Guttman scaling (Guttman, 1950)
have been made to the investigation of the
sequence of acquisition of Plagetian tasks
(Kofsky, 1966; Ihohlwill, 1960); the results
have been unclear. The technique was
applied to the present data for purposes of
comparison with earlier studies.
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Table 20 /

VARIMAX ROTATION OF FACTOR PATTERN FOR 11 VARIABLES

Variablesa
Principal Components

PC1 PC2

FS .16 .96 .09
3D .24 .23 .86
SA .07 .51 .56
CI .57 .72 .16
CCR .65 .06 .51
CCT .74 .37 .23
CSR .75 .47 .32
CST .89 .10 .05'
bSR .65 . .02 .63
CST .80 .23 .18

CR .19 .94 .26
Parcent of Total Variance 34.8 27,8 18.1

nag sk abbreviations are explained in Table 6.

Table 21

PRINCIPAL COMPONENT LOADINGSOF A SUBSET OF SIX VARIABLES

Principal Components
Variablesa PC1 PC2

3D .82 -.18
SA .68 .56
CI .78 .08
CCR .76 -.36
DSR .75 -.58
CR .68 .59
Eigen.Value 3.35 1.17

aTask abbreviations are explained in Table 6.

Before examining the results of a scalogram
analysis of these data, it is essential to clari-
fy the point that Guttman's coefficient of
reproducibility (CR) does not itself determine
the dimensipnality of a set of itAms. The
index, 1 -A, where N = number of subjects,
K= number ,pf items, and E = errors (depar- ,

tures from ideal patterns), was proposed only
as a measure of the degree to which knowledge
of a subject's total score enables one to
reproduce his pattern of responses to each
item. Clearly, ifritems vary sufficiently in
their average age of attainment, the coeffi-
cient will be high, even if there exists no
single underlying learning hierat.:hy relating
them. For example, most American children
learn addition before learning French, but a
large number of French children demonstrate

47

that there is nothing necessary about this
sequence. Some of the confusion surrounding'
the interpretation of Guttman scales stems
from overgeneralizing a familiar introductory
example to scalogram analysis. While mea-
surement on a ruler leads to perfect scales
and is unidimensional, the converse, that
a high coefficient of reproducibility implies
an underlying "ruler," is not true. Items
such as, (1) "is over three feet tall," (2)
"weighs over 70 pounds," and (3) "solves
formal reasoning tasks, should lead to a
goqd scale, but this example is not so sub-
ject to overgeneralizatiorft Merely showing
that two phenomena are age-related does not
demonstrate that a single process explains
their interrelations.

37



If the 'probability of passing these three
items in a population is and .1,.and
the items are otherwise independent, the
probabilities of observing each possible pat-
tern will be:

A

1

1Scale
1Patterns
0

1

Non- 0
Scale 0
Patterns 0

B

.9
1

1

0
0

0
1

1

0

.5

C

.1
1

0
0
0

1

0
1
1

O

Probability

.045
.405
.405
.045
.90

.045

.045

.005

.005

.10
In this situation, the expected number of
errors for 100 subjects is 10, CR = .97, and
to demonstrate, at the .05 level, significantly
fewer errors than predicted by chance , the
score patterns would have to exhibit no more
than 3 errors, or CR = .99. If the items were
all near .5 in difficulty, however, a value of
CR of .86 (fewer than 44 errors) would suf-
fice to demonstrate more than chance repro-
ducibility. Thus no "standard" level of coef-
ficient of reproducibility exists.

. Investigations of dimensionality require
that tasks representing each structure be made
as similar in difficulty as available perfor-
mance variance permits; this is necessary if
there is to be any possibility of obtaining
evidence for numbers of ideal patterns signifi-
cantly exceeding the chance level derivable
from products of individual item difficulties,
assumed to be independent.

A scalogram analysis program (Werner &
Morrison, 1967) applied to the complete set
of 11 Piagetian tasks for 200 subjects (grades
K-4) yielded a CR of .91; only 67 of t'
subjects exhibited ideal scale pattern,
was assumed that the failure of these 'taws
to approach a perfect scale was due to the
inclusion of the classification seriation matrix
tasks in the set, since Piagetian theory would
predict developmental synchmly for the
structures underlying these tasks and the other
matrix tasks while investigations of their per-
formance difficulty in the current and previous
studieS (MacKay et al., 1970) have provided
conflicting evidence as to relative difficulties.

In addition to the classification seriation
tasks, the free sort task vas omitted from the
second analysis since its easiness1.95) made
it inappropriate for scaling. The set of
remaining items approached the various cri-
teria for scalability; most "errors" were due
to the fact that "Some-All" was very near in
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-difficulty to the two cross classification
tasks but not strongly related to them.

Finally, by deleting the "Sons.e-All" task,
an acceptable 7-item Guttman scale was
obtained, With 56 %. of the patterns corres-
ponding to ideal patterns and CR = .93;
CR = .85 was expected.due to chance, using
Sagi's (1959) procedure. More impressively,
Loevinger's (1945) method of counting errors
led to 204 errors. as compared to 538 expected.
This discrepancy amounts to nearly 25 error
standard deviations, suggesting that the prob-
ability of chance occurrence, had these
items been selected &Priori, is negligible.
However, since the result was obtained by
deleting four items, it is best regarded as
.tentative until replicated.

Table 22 presents the frequencies of the
ideal scale types and the most frequent non-
scale types for each Guttman score; .

While the ideal pSttern A was obtained
more frequently, than the Guttman model would
predict, reflecting the higher interrelationship
of the matrix tasks to each other, partly due
to shared method variance, patterns of failing
one or all of the matrix tasks in the order pre'-
dicted by their relative difficulties were rare

`thatcompared
to expectation. This suggeSts

/ that future analyses using this technique might
profitably drop the reproduction-transposition
distinction and determine which single tasks
best operationalize cross classification and
double seriation skills. While in the present
data deleting transposition tasks would have
improved the scalability of the remaining items
more than deleting reproduction tasks would
have, this is largely due to the relative easi-
ness of the reproduction tasks. The question
of which tasks best operatiodalize the under-
lying constructs (most probably not the 'matrix
tasks) is not strictly a question for data anal-
ysis. Thus, while the scale analysis leads to
a scale of quite`high reproducibility, the
nclusion of the four matrix tasks seems to

have affected the content to the extent of
possibly distorting the underlying relationships.
By deleting the "Some-All" task, scalability
was achieved at the cost of losing all com-
parability with Kofsk12 scaling Study, since
in creating a scale f m her data, she deleted
class inclusion, the only other identical, task
in the two studies. These results highlight
a difficulty with the Guttman technique. If a
set of items do form a scale, the investigator
may take a subject's total score as an indica-
tor of which particular items were passed. If
the set requires deletion of items of theoretical
interest to create a scale, simple replication
of the scalability of the remaining set will
not result in information about the dimension-
ality of the domain. Scaling operations



Table 22

FREQUENCIES OF IDEAL SCALE TYPES AND THE MOST FREQUENT

NON-SCALE PATTERNS FOR EACH GUTTMAN SCOREa

CR CI 3D. DST CCT CCR DSR
Guttman

Score Frequency
Ideal Expected

Frequency

1 1 1 1 1 1 1 30 30
1 1 0 1 1 1 1- 7 8
0 1 1 1 1 1 1 20 21
0, 1 0 1 1 1 1 6 4
o 0 1 1 1 1 1 5 8 12
0

0

0
0

1

0

0
1

1

1

1

'1
1

1

5
4

6
16

e7
11

1 0 0 1 1 1 1 4 J 5
0 0 0 0 1 1 1 4 23'
0 0 0 0 0 1 1 7 26
0 0 1 0 0 . 1 1 2 5
0' 0 0 0 0" 0 1 9 15
0 0 0 I 0 0 1 7

0 0 0 0 0 0 0 A 17 62

aTask abbreviations are explained in Table 6.

would seem to be most usefully performed o4r14
sets of items that have been independently
shown to be unidimensional, and as factor
analysis suggested, the inclusion of the
Matrix tasks seems to have affected the dimen-

sionality of the current items.

Additional Matrix Task Analyses

The purpose of this final results summary
is to compare the present performances on the

- various matrix subtasks to the earlier findings
of MacKay and his associates (MacKay, 1972;
MadiCay et'al., 1970). Considering first the

48ata concerning the children's replacement
responses ,(possible score range Of 0 to 3),
very fevPsubjects (9.3%) committed replace-
ment errors on any of the matrices. No errors
were found in the older subsamples, and 19 of
the overall 26 cases were found in the pre-
school 4ndl5iridergarten groups. More impor-
tantly fokffle comparisons to follow, there were
feW differences among the replacement errors
for the three matrix types, i.e. , 12, 8, and 14
instances for the cross classification, class/
series, and double seriation matrix cases,
respectively.

As indicated keviously, there was a sig-
nificant increase in the number of subjects
passing each of the matrix subtasks across the
present age-grade range. Comparisons across
a more restricted age range comparable to that
found in the MacKay et al., (1970) study, i.e.,
preschool (mean age, 5 years) to second grade

(mean age , 8 years 2 months) were also carried
out. For each reproduction and transposition
subtask there was a significant increase in the
proportion of successful subjects, i.e. , all
X 2 values exceeded 9.40, gl= 3, n < .025.
This is essentially similar to the findings of the
earlier Ovestigation.

In the MacKay et al. (1970) study, trans-
position of the matrices which involved a con-
tinuous dimension (double seriation) was a sig-
nificantly more difficult task than reproduction
(see however, MacKay, 1972, for-a case of
equivalent transposition-reproduction difficulty
in a sample of severely subnormal adults).
Examination of the present matrix pass/fail fre-
quencies reveals a concordant pattern of rela-
tive task difficultiei. X 2 comparisons of the
number of successful subjects on the reproduc-
tion subtask versus the transposition subtask of
the double seriation matrix showed the former to
be significantly easier at the preschool (27 vs.
12), kindergarten (28 vs. 13), and first grade
(38 vs. 24) levels. Combining the preschool
through second-grade subsamples (JI = 160),
130 children passed the reproduction case and
79 passed the transposition subtask (X2 = 35.88,
j= 1, .p. .001). Similar comparisons for the
class/series matrix also revealed reproduction
to be the easier task, i.e., the frequency of
passing subjects for reproduction versus
transposition for the preschool to second-
grade subsamples was 33 versus 21, 37 ver-
sus 25, 38 versus 34, and 40 versus 31;
the total frequencies were 148 versus 111

49'
39



(X2 = 27.73, df = 1, n < .001) for the com-
bined younger subject subsamples. In con-
trast, there was no-significant difference be-
tween the number of successful reproduction
versus transposition cases for the cross
classification matrix at any of the separate
age-grade levels, although the comparison for
the 160 children in the composite younger
group--103 passed threproduction subtask
and 85 passed the transposition subtask
(X2 = 4.18, di=.1, g < .05)-.-was marginally
significant. In the preschool through second-
grade composite sample, combining all the
reproduction and transposition cases for the
three matrices indicated that the former task
was significantly easier, i.e., N = 480 with
381 versus 275 passing cases (X2 = 54.09,
.cif. 3, n<

A more direct comparison of the relative
difficulty of the reproduction-versus the trans-
position matrix subtaskeis shown in Table 23.
(Note that for Tables.23, 24, and 25 the com-
parisons within grade levels are binomial tests
with one-tailed probabilities for Table 23 and
two-tailed probabilities for Tables,24 and 25.
The composite subSample comparisons are
McNemar Tests for the Significance of Changes
with associated X2 values and one-tailed
probabilities for Table 23 and two-tailed proba-
bilities foTaikterd and 25.) All of
within-grade subsample comparisons on double
seriation signiflOantly favor the easier repro-
duction task, and only the first-grade sub-
sample comparison falls to indicate a similar
significant relative difficulty pattern for the
class/series matrix. For the cross classifi-
cation matrix, only the first -grade subsample
and the composite preschool to second-grade
sample comparison reach significance. One
may conclude, therefore, that matrix repro-
duction is significantly easier than matrix
transposition, and this is particularly true
for the double sedation and class/series
matrices.

In considering the relative difficulty of
the three basic matrix types, we shall examine
the reproduction and transposition cases
separately. The relevant comparisons for the
reproduction case are presented in Table 24.

4 It is recognized that the use of the X 2

statistic may De inappropriate in the pregent
context since the repeated measurement design
does not typically denote independent obser-
vations. However, the lack of presentation
order effects and the similar task contrast
patterns found for the related sample inference
tests reported in this study would seem to
discount the importance of these reservations.

40

Considering initially the three matrices to-
gether, Cochran Q values for ,the number of
passing subjects were 17.04 (presphool),
18.00 (kindergarten), 1C.89 (first grade), and
9.25 (second grade), indicating signifizant
differences across the matrix reproduction sub-
tasks (all probabilities less than .Cl). Repro-
duction of the cross classification matrix war
significantly more difficult than the counter-
part class/series case at all of the younger
age-grade levels and in terms of the composite
sample. A similar case of relatively greater
task difficulty for cross classification compared
to double seriation is also shown, i.e. , only
the second-grade comparison fails to reach an
acceptable significance leval. Finally, the
double seriation reproduction task appears to
be of significantly greater difficulty than the
class/series reproduction case, and this is
most notable at the preschool and kindergarten
age-grade levels where a sufficient degree of
inter-task variability (absence of ceiling ef-
fects) permits direct comparisons. Thus, the
relative task difficulties for the three matt:,
reproduction cases-are as follows: cross
classification > double seriatio:. > class/serie's.

In the matrix transposition task case, the
relative difficulties are somewhat less distinct
(see Table 25). Considering initially the three
matrices together, Cochran Q va.ues for the
number of passing subjects were 7.88 (pre-
school), 9.91 (kindergarten), and 9.94 (first
grade), indicating sigraficant differences
across the matrix transposition sublasks (all
probabilities less than .05). The doiAle
ation transposition task is clearly more diffi-
cult than the class/series matrix case. In
addition, the cross classification transposition
task is alsO okgreater difficulty than the class/
seric's counterpart, at least insofar as the pre-
school, first grade, and overall composite
sample comparisons are concerned. There is
obviously very little difference 4n the relative
transposition task difficulties for the cross
classification,and the double seriation matrices.
Thus, the rel-tivt. task difficulties for the three
matrix transposition cases are as follows:
cross classificatLn = double seriation > class/
series.

Returning to the reproduction tasks again,
Table 26 presents the number and percentage of
children who passed the reproduction tasks and
who exactly reproduced the various matrices as
originally dresented to them (see scoring pro-
cedures in the Methods section). The percent-
ages for the various composite sample totals,
i.e., 78.6%, 80.4 %, and 98.5% for the cross
classification, class/series, and double seri-
ation matrix cases, respectively, closely par-
allel the earlier results of MacKay et al.,
(1970, pp. 793-794).
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Table 23

COMPARISON OF. THE RELATIVE DIFFICULTIES OF THE

REPRODUCTION VERSUS TRANSPOSITION MATRIX TASKS

Preschool

Kindergarten

First Grade

Second Grade

Combined

CCT x CCR

+
CCT_

CCR + 10 7 CSR +

4 19

+CCT -

CCR + 14 8 CSR +

4 '14

+ -CCT b

CCR +1 23

2

8

7

+CCT-

CCR+

CSR +

CSR +

CSR +

CST x CSR

+
CST- a

21 12

7

CST _ a

24 13

2

+ CST -

MIN
0

+
CST - a

+CST,.

DST x DSR

+DST- . a

DSR +

DSR +

DSR +

+
DST -

12 16

1 11

+
DST -

24 14

0 2

a

a

+
DST- a

+
DST

DSR 77

3

X 2 =6.283s<.01 X2 = 26.694 ,a< .001 X2 = 45.455 ,a< .001

V

< .01 (one-tailed).
< .05 (one-tailed).
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Table 24

COMPARISON 'OF THE RELATIVE DIFFICULTIES OF THE

' REPRODUCTION MATRIX TASKS

0

Preschool

'CCR x DST CCR ,ZCSR

CCR +

+ DSR - a

CCR +

CSR+ _ a

- is 5

CSR x DSR

+ DSR -

me...

Kindergarten DSR -+ CSR a
+ DSR a- -

CCR + 20 2 CCR + 21 1( CSR + 10

8 10 . 16 2I - 1 2

r29

First Grade

CCR +

Second Grade

c CR +

Combined

+ DSR

CCR +

+ DSR -

CCRil+

+
CSR - DSR -

+
CSR b

CSR +

CCR + 33 0 CSR +

7 0

+ DSR

X2= 15.721 p< .001 X2 = 37.961 p< .001
,

.

X2= 12.042 p< .001

I.

ap < .05 ;two-tailed).
bk< .01 (two-tailed).

.,.

e'
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Table 25

COMPARISON OF THE RELATIVE DIFFICULTIES OF THE

TRANSPOSITION MATRIX TASKS

Preschool.

CCT x DST

DST

CCT +

4

DSTKlnderoarten +

First Grade

Second Grade

Combined

CCT +

CCT +

CCT +

4 18

+ DST -
17 8

7 8

+ DST

+ DST -

CCT +

CCT +

-

CCT +

CCT +

CCT x CST

CST

CST +

" -

CST +

CST +

CST +

CST x DST

+
.DST

a

.12 2 11 10

9 '17 1 1.8

CST
+

DST a+

4 11 19

11 11 2 13.

CST - I+
DST a

25 0 23 11

9 6 1 5

CST DST

26 6

5 7

X2 = .521

C+ ST -
77

X2 = 14.881vt
an < .01 (two tailed).

DST -

8 CST + 41

41 0

2 C.001 = 19.220 < .001
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Table 26

NUMBER AND PERCENTAGE OF SUCCESSFUL SUBJECTS, ACROSS THE

YOUNGER GRADE LEVELS, WHO EXACTLY REPRODUCED THE VARIOUS MATRICES

Cross Classification Classification Seriation Double Seriation

Grade
No.

Passed

Exactly
Reproduced No.

Passed

Exactly
Reproduced No.

Passed

Exactly
Reproduced

No. % of Passing No. % of Passin No. % of Passing

Pre 17 9 52.94
.

33 22 66.7 27
.

27 100

K 22 13 -59.09 37 32 87.49 28. 28 100

1 31 29 193.55 38 29 76.32 38 36 ,94.74`

2 33 30 90.91 40 36 90.0 37 37 100

Composite 103 81 73.64 148 119 80.41 130 128 98.46

Table 27

NUMBER OF SUBJECTS FAILING EACH DIMENSION OF. EACH MATRIX SUBTASK

FOR THE VARIOUS AGE-GRADE LEVELS

Cross Classification Classification Seriation
Repro- Trans- Repro- Trans-

Grade' duction position duction _position
Double Seriation

Reproduction Transposition
coloi shape color shape color height color height diameter height diameter height

Pre 21 11 19 19 3 7 8 19 9 11 11 28

K 13 7 18 13 : 1 3 9 13 4 '12 . 17 24

1 7 2 10 8 1 2 1 6 1 2 7 8

2 6 3 10 5 0 0 4 8 2 3 5 8

3 5 2 IA 4 3 1 0 3 3 '1 0 2 3

4 2 0 3 0 0 0 2 2 0 0 3 5

6 0 1 0 ,p 0 0 1 2 2 2 1 2,
All
Grades 54 26 64 48 6 12 28 53 19 30 '46 84

Table 27 presents the types of error re-
sponses (color vs. shape, color vs. height,
ant diameter vs. height) for the matrix per-
formances. The predominant error category
for the cross classificatory tasks is color
misplacement, i.e., 67.50% and 57.14% of
the reproduction and transposition error cases,
respectively, for the overali combined sample.
In contrast, f)r the .,lass /series matrix tasks
the present children made more errors on the
height dimension (66.67% and 65.43%) than
on the color dimension (33.33% and 34.57%).
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Misplacements based on height were also the
predominant error category (contrasted with
the width or diameter dimension) for the double
sedation cases, i.e., 66.22% and 64.62% of
the total sample error cases for the reproduc-'
tion and transposition tasks, respectively.
This latter tendency contrasts with the previ-
ous findings of MacKay (1972, p. 601) which
i,,uicated that 1...orrect responses on the double
sedation transposition task were more likely
to focus upon the height dimension than upon
the diameter dimension.
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Discussion

The present research study investigated
the classificatory abilities and related mul-
tiple relationality skills of 5- to 12-year-old
children. The concept task series included
sorting skills, understanding of "Some-All"
and class inclusion relationships, and com-
binatorial reaLoningin a,:dition to reproduction
and transposition of multiple class, class
series, and doublc serration matrices. As

anticipated in view of provioas r
glassificatmy concept issessn era research
there was a marked sc.,ie improvement over
the present age -grace range (see Tables 2 to
5, and Figures No 7). Significant age-grade
main effects were found for the mean trials
(Table 6), and percentages of successful sub-

, jects for all the various task settings. There
was a general absence of significant sex
differences or sex-grade level interactions.
Few of the major presentation order compari-
sons were significant.

The relative order of difficulty of the
present Piagetian task array, in terms of the
`total sample (ter = 280) performances may be
characterized as representing a series of
underPin9 ability groupings (see Table 7).
The scaling analyses generally substantiate
this picture. For the'entire series of 11 task
settings, the obtained reproducibility coef-
ficient of .91 lvith 67 (33.5%) of the subjects
exhibiting perfect scale patterns suggests the
presence of a quasiscale. More definitive
conclusions arei?ossible for the reduced '7-
item array as evicient-ed in the performances
of 200 subjects (kindergarten to fourth-grade
subsample). In this instance the reproduci-
bility coefficient of .93 with 56% of the sub-
jects d'emonstratihg ideal pasgjfail patterns
indicates a reasonably reliable scale. Con-
sidering these seven tasks and acknowledging
the relatively low difficulty present in the free
Sorting taSk and assuming the "Some-All" task
to be of approximately equivalent difficulty to
cross classification transposition (free sorting

and "Some-All" were not included in the
secondary scaling analys'is), the following
task difficulty order appears: free sorting <
double series reproduction < cross class
reproduction < cross clas..3 transposition <
"Some-All"'understanding < double series
transposition < producing three dichotomies
< class inclusion understanding < combina-
torial reasoning. In retrospect:one might
speculate that the free sorting anu,matrix
reproduction tasks actually represent pre-,
operational abilities while combinatorial
reasoning "assesse's_a_Armal operations
period ability. This would permit the con-
crete operations period "label" to be assigned
to the intermediate difficulty level tasks
(matrix. transposition, "Some-All," sorting
consistently and resorting exhaustively on
three criterial attributes, and class inclusion).
In general, the present item difficulty results
are in close accord with the earlier findings
of Kofiky (1966), i.e., the 'concordant dif-
ficulty patterns for,thefree sorting, "Some -
All," dichotomies, and class inclusion tasks.

Although the present study was not
designed to explicitly evaluate the structural
postulate of Piagetian theory dealing" with
intra-stage correspondence, certain post hoc
generalizations are possible. Piaget has con-
sistently predicted developmental synchrony
for performance on task settings derived from
the classificatory and relational groupements--
cf. Piaget (1965, pp. 240-2431 1970a, pp. 723-
727; 1970b, pp. 24-27 and 65-66) and
Inhelder and Piaget (1964, Pp. 278-290). Thus
one would expect the respective matrix tasks
to be of equivalent difficulty (Hamel & Van
Der Veer, 1972; Shantz, 1967; Smedslund,
1964). This. was clearly not the case in most
instances for the younger subjects in the
present sample. Moreover, Piaget also con-
tends that tasks derived from the additive
uroupemenis should be mastered at approxi-
mately the same time as those basedipon the
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o multiplicative cases, i.e., grounement I,
primary addition of classes, and grouvement
III, bi-univbcal multiplication of classes (cf.
Flavell-, 1963, pp..173-179 and 190-193).
To the extent that the present class inclusion
and cross classiliatrbc tasks represent these
respective grounements, a notably disparate
item difficulty pattern is evidenee. Class in-
clusion is clearly much more difficult than any
of thkmatrik tasks. As the scaling analyses
suggeit, there is very little evidence for
antra -stage correspondence in the present
results except for the sixth-grade subsample.
It may well be; as suggested by Flavell (1970,
pp. 1037-1040), that the stage correspondence
or concurrence postulate must undergo consid-
erable revision in the light of recent noncon-
firmatory empirical evidence. . .

The possibility that a single unitary factor
or dimension (e.g., as represented by the con-
crete period grouoement operations) underlies
the present subjects' performances seems rather
remote. As the results of the dimensionality
analyses indicated, several,performance dimen-
sions are present in the composite Piagetian
task series. Even when a subset of tasks was
examined (see Table 21) two, and possibly
three, principal components were necessary to
account for 75.3% to $4.7% of the task vari-
ances. Thus, while the first component ac-

4 counting for 55.9% of the total variance indi-
cated uniformly consistent loadings for all
tasks (i.e., .68 to .82), the remaining task-
spec fic variances suggest that the piesent
task rray does not represent a single-psy-
chological dimension. Much of the observed
common task variance may indeed be a result
of shared method variance and this is, of
course, most notable for the six matrix tasks.
Taken-in conjunction with the task difficulty
patterns discussed above, the dimensionality
analyses certainly indicate a number of distinct
factors (all of which are related to chronologi-
cal age) as operative in the present subjects'
Piagetian task performances.

A relatively small number of previous
investigations have applied factor analytic
techniques to the analysis of concrete opera-
tional task interrelationships. The majority
of these studies present factor patterns and
task loadings which are similar to the present
findings., Vernon (1965) administered a broad
range of intellectual tests to samples of
English and West Indian 11-year-old boys.
The test series included two Piagetian task
arrays (arithmetic-orientational and visuali-
zation-conservation) . While both of the
Piagetian task clusters loaded significantly
(.70) on the first -cider or "g" factor, there
were also significant loadings on a perceptual
factor for both subject subsamples and on a
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"practical" ability factor for the English sub-
ject subsample. A similar case of multiple
factor loadings was found by O'Bryan and
MacArthur (1967, 1969) for a series of 15
concrete operational task performances of 85
males (mean age, 8 1/2 years). Following
oblique rotation, two separate factors were
found which were said to correspond to the
two basic forms of reversibility -- inversion
and reciprocity -- postulated to underly chil-
dren's understandings of class and relational
concept tasks, respectively. Moreover,
these oblique primary. factors were not corre-
lated with each other. A third noncorrelated
factor was identified as "logical inclusion"
and revealed a significant loading only for a
class inclusion task such as that employed
in the present assessments.

A recent longitudinal assessment of nor-
mal and retarded children's logical reasoning
and moral judgment- conduct (Stephens, 1972;
Stephens, Glass, McLaughlin, & Miller, 1569)
has also indicated that a number of separate
factors are necessary to account for the per-
formance variability across a series of
Piagetian measures. The total sample of 150
children and adolescents (age range, 6 years
10 months to 18 years on initial testing and
8 years 10 months to 20 years on second
testing) received,tseries of Piagetian concrete
and formal reasoninq the age-appropriate
Wechsler Intelligence Scales, and the Wide
Range Achievement Tests (a total of 47 separ-
ate variables). Five factors were identified
for the initial test scores, and seven inter.
pretable factors resulted from the retesting
scores. In both instances the Piagetian tasks
loaded on factors distinct from those defining
the WISC, WAIS, and achievement tests. In
the initial assessment analysis, 23 of the
Piagetian tasks showed significant positive
loadings (i.e., exceeding .25) on a single
"operativity" factor. In contrast, as in the
O'Bryan and MacArthur (1969) study, a separ-
ate factor was defined by loadings from a
hierarchical class inclusion task. The data
from the second testing session indicated
separate factors for conservation, spatial
orientation, spatial imagery, formal reasoning,
and class inclusion-combinatorial understanding.
The second principal component found in the
varimax rotation for .all 11 tasks in the present
study (see Table 20) also revealed high posi-
tive loadings for class inclusion (.72) and
combinatorial reasoning (.94), thus offering
further evidence for a separate class inclusion-
combinatorial structure factor. This factor
accounted for 27.8 percent of the variance
compared to 34.8 percent for the first princi-
pal component identified by the uniformly
consistent matrix task loadings.
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Berzonsky (1971) administered tests of
causal reasoning, concrete operations (seri-
ation, conservation, and class inclusion),
and formal reasoning (combinations and pen-
dulum) to 42 male and 42 female first-grade
children. Although the majority of the concrete
period tasks were found to load on a single
factor following varimax rotation (in this study
the serlation task proved to be the exception) ,
a total of five separate factors were identified.
These results were interpreted as not supporting
Piaget's claim that non-naturalistic (precausal)
reasoning is related to a preoperational logical

, status. Berzonsky (1971) concluded, "While
both abilities were clearly identified they
bear little relationship to each other. The
results are also at variance with the unitary
nature of logical thinking postulated by
Inhelder and Piaget (1958). Instead it is
suggested that at least three relatively inde-
pendent abilities are involved [p. 475]. "

The one exception to this consistently
nonunitary picture of Piagetian concept per-
formances (including the present results)
would appear to be a recent methodological
analysis of the egocentrism construct by
Rubin (1973). In this investigation, measures
of cognitive, spatial, role-taking, and com-
municative egocentrism, and conservation (the
Goldscnmid-Bentler Concept Assessment Kit,
Form A) were given to 10 boys and 10 girls
from kindergarten and second, fourth, and
sixth grades (total N = 80). Following vari-
max rotation, all of the tasks were found to
load significantly on an initial "decentration"
factor which accounted for 56.9% of the total
variance.

Insofar as these dimensionality studies
are concerned, it would appear that factors
unique to Piagetian concept task requirements
can :..4e readily observed. This is especially
true for heterogeneous task arrays which
include non-Piagetian standardized tests (e.g. ,
Stephens, 1972; Vernon, 1965) or wide age-
ranite subject samples (e.g. , Rubin, 1973;
Stephens, 1972). Yet the probability of
obtaining nonrelated Piagetian factors for
restricted age samples (e.g., Berzonsky, 1971;
O'Bryan & MacArthur, 1969) and wider age
intervals (e.g. , Stephens, 1972; the present
results) appears equally likely.

Finally, certain conclusions regarding the
children's matrix task performances are in
older. The performance patterns of the present
subject sample on the various matrix tasks
are in some respects concordant with the ear-
lier results of MacKay et al. (1970) but notably
disparate An a number of important aspects.
As was shown in the earlier study, children's
overall understanding of the matrix task
requirements improved markedly from 5 to 8
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years of age. Also, the reproduction subtasks
proved to be of significantly lesser difficulty
than the transposition subtasks, and this was
particularly evident for the two cases which
dealt with a continuous dimension, i.e.,
the class/series and double seriation matrices
(see Table 23). Moreoyer, the great majority
of children who successfully reproduced the
various matrices responded by presenting an
identical reproduction (see Table 26); this is
in essential agreement with previous findings
of MacKay et al.

In decided contrast to these essential
replications, the contentions that

"The ability to construct a matrix
composed of discrete categories
(cross classification) is develop-
mentally an earlier acquisition
than the ability to construct one
composed of relational variables
(double sedation) . . . (and]-. . .

A matrix composed of discrete
categories in both directions (cross)
classification) is of equivalent
difficulty to one constructed of
discrete categories in one direc-
tion and a relational variable in
the other (class/series case)
[MacKay et al., 1970, p. 795]

are not borne out in the present result patterns.
The overall relative matrix difficulties welt
cross classification > double sedation <
crass /series for the reproduction task require-
ment and cross classification = double seria-
tion > class/series for the transposition task
requirement (see Tables 24 and 25). In addi-
tion to these contrasts with the results of
MacKay et al. (1970), the greater difficulty of
cross classification compared to double seri-
ation (reproduction case) and the equivalent
difficulty demonstrated for the transposition
cases fail to agree with Lagattuta's (1970)
findings.

In the present'investigation, explicit
attention was directed toward an accurate
replication of the MacKay et at (1970) inves-
tigation. This included consideration of the
stimulus materials, instructional sets, and
scoring procedures utilized in addition to the
selection of closely comparable subject
samples The single major exception to this
concerns the task materials used in the double
seriation matrix tasks. In the earlier Bruner
arid Kenney, (1966) and MacKay et al. (1970)
studies, clear plastic beakers and open-ended
gray plastic cylinders, respectively, were
used. The present study, in contrast, used
solid wooden cylindrical blocks of comparable
height and diameter dimensions. From an
assessment task viewpoint, the two investi-
gations are decidedly similar.
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In tems of general research paradigms,
the present study em6odies an inherently
superior within-subject assessment design,
i.e., all the children received all the tasks,
thus permitting direct comparisons of relative
task difficulties. This superiority is particu-
larly loteworthY in view t..4 the fact that pre-
sehtation order effects were notably absent.
The present study included 280 subjects while
tie earlier investig,ations of MacKay et al.
(1970) assessed 90 and 48 children, respec-
tively. In addition to these considerations,
the present investigation, in apparent contrast
to the MacKay et.al. (1970) study, distin-
guished between appropriate directional and
nondirectional inference tests (i.,e., the one-
tailed probability values associated for the
age-grade levels and the reproduction versus
transposition subtask comparisons, and the
two-tailed probability values for the various
matrix type comparisons such as cross class
versus double series).

The fact that the present reE dlts substan-
tiate the pattern that reproduction tasks are
significantly less difficult than transposition
tasks as found by Bruner and Kenney (1966)
and ;AacKay et al. (1970) presents some as-
surance that we are indeed :leaiing with simi-
lar behavioral phenomena. In this regard, /-
while the present results c,acerning the corn-
paratiye difficulty Df the cross class and the
double series matrix cases disagree rather
sharply with MacKay et al. (1970), the data
are in general accord with the original re-
search of Bruner and Piaget. Bruner and Ken-
ney (1966, p. 158) found that 60% of the 5-
year -olds, 70% of the 6-year-olds, and 80%
of the. 7-year-olds could successfully repro-
duce the double series matrix. The compari-
son percentages for the present appropriate
age-grade groups are 67.5%, 70%, and 95%,
respectively. For the double seriation trans-
position case, the comparison percentage
values are in less clear agreement, i.e. ,

0.0% for Bruner & Kenney vs. (30%), 28h (32%)
(32%), and 80% (60.0%) for the 5-, 6-; and
7-year-old subjects. In similar fashion, al-
though Inhelder and Piaget did not utilize any
direct counterpart to the present reproduction
and transposition subtasks, their contention
that "children reach an operational level in
the multiplication of series about the same
Period (7-8 years) as cross classification
gyp. 278]" agrees with the present case of
equivalent difficulty for cross class and
double series transposition.

These general performance similarities
notwithstanding, there appear to be certain
critical methodological deficiencies in the
present Inatrix task formats. These deficien-
cies concern the supposedly equivalent task
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requirements for the cioss class and double
series matrix cases. One would presume that
all task solution requirements and instructional
sets would be comparable for the reproduction
and transposition problems. Any performance
differences between the cross class and double
series matrices would thus be attributable to
stimulus array differences stemming from the
logical categories at issue, i.e., discrete
class exemplazs representing class intersec-
tions (e.g., 3,9d circles) versus ordered items
representing continuous underlying dimensions.
This may be an operationally valid judgment-
for the reproduction subtask, but it is clearly
not true for,the transposition cases.

In actuality, transposition, as Bruner &
Kenney (1966) define the term, applies only to,
concepttaSks such as multiple .seriation in
which the relevant relationships among the
stimuli are asymmetrical. The concept of
asymmetrical relations is a defining attribute,
of "transposition." In contrast, the defining
relationship in a cross claSsification problem
(matrix format or otherwise) is a symmetrical
one, i.e., the relation of an exemplar to its
class. Thus, the cross classification matrix
is logically incapable of satisfying the mini-
mum requirement for a transposition instruk.;-
tional set (C. J. Brainer 1, personal communi-
cation, November 24, 1972).

As these logical considerations imply, the
present cross class matrix transposition task
may be "solved" in a number of ways so long
as the color/form placement's are consistent
across the three Col um ns/ros,vs . The essential
arbitrariness of the placements of the class
dimensions permits a greater number of correct
patterns than is true for the double series
transposition counterpart. However, the pre-
sent matrix formats simply do not permit any
rigorous determination of the relative difficul-
ties of multiple class versus multiple series
concepts. What is required, of course, is a
task format which would operationally equate
the cross class and double series transposi-
tion problems. Consider the following argu-
ment:

We wish to determine if a child is capable
of classifying a set of objects simultaneously °
on two dimensions. After carefully construct-
ing three squares, three circles, and three
triangles, and painting one of each shape red,
yellow, and blue, we confront a child. What
do we ask him to do? We may ask him to ar-
range them in a nice pattern on a three-by-
three grid and observe whether he spontane-
ously builds one of the 72 arrangements con-
sistent by rows and columns of the 504U x 72
configurations available to him. While spon-
taneous sorting may give us information con-
cerning his aesthetics, it is difficult to draw
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conclusions4about his ability to cross classi-
fy from this task. We must make it clearer
what is expected of him.

On the other hand, if we exhibit the ob-
jects already cross classified in one manner,
remove them from the board, and ask him to
put them back the way they were, .we confound
the task with visual and perhaps verbal,mem-
ory. Displacing one object from one corner
of the board to another and asking the subject
to rebuild the transposed matrix adds a com-
ponent of spatial ability to the memory task.

Spatial ability, the ability to rotate a
visual image in short-term memory, is, how-
ever, something other than the ability to cross
classify t The transposition task may, conceiv-
ably be solved with reference to a visual
image. Two of the,eight acceptable solutions
to the transposition task represent rigid trans-
formations of the original pattern and do not
provide unequivocal evidence that the subject
possesses the ability to cross classify.

An appropriate task, in which success can
be attributed to the ability to consistently sort
on two dimensions, is involution of the matrix.
After presenting the objects arranged in a
cross classification, we remove them from the
board and place one that had been in a corner
in the center po,lition. Tne child is asked to
put the other objects on the board to make the
same kind 61 pattern as before. None of the
eight possible solutions are now reflections
or rotations of the original visual pattern.

While cross classification can be tested
with matrix stimuli in this manner, double
seriation cannot be. A double sedation is a
cross classification of ordered attributes in
which the center cell is fixed and any of the
eight possible arrangements is a rigid trans-
formation of the initial array. Since any
double seriation is a special case of a cross
classification, the question of relative diffi-
culty admits of only two possible answers if
stimulus salience is held constant: (1) either
double seriation is no different from any other
cross classification or (2) the additional per-
ceptual cue of seriated values of attributes
will enhance performance.

Employing the Bruner and Kenney (1966)
stimuli, cylinders varying on height and dia-
meter, we may present in Task A a cross clas-
sification which is not a double seriation,
e.g., placing the short, skinny cylinder in
the middle cell. After removing the pieces
from the board, the tall, fat cylinder is placed
in the middle cell and the subject is asked to
put the other objects on the board in the same
kind of pattern as before. Although the cylin-
ders are seriable, they have not been seriated,
and this cross classification task may differ
from the color-form task only in stimulus
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saliency. Task B is identical to Task A ex-,
cept for the placement of the cylinder inter-
mediate in height and thickness in the middle
cell, thus forcing any correct cross classifi-
cation to be a double seriatIon. By counter
balancing Tasks A and B, the relative diffi-
culty of the two tasks canoi,,e determined.. We
are here comparing the difficulty of producing
a double classification with that of producing a
double seriation, with stimuli and number of
possible solutions held constant. ,It is clear
that Task B cannot be more difficult than Task A.
The only empirical question is whether B is
significantly easier than A. The authors re
presently conducting an investigation utilizing
matrix task formats as described here in addi-
tion to the original cross class and double
series cases devised by MacKay et al. (1970).

In conclusion, the following primary
results have been shown the present inves-
tigation:

1. As expected horn previous research
on children's classificatory concept
acquistions there was a significant
improv, ant th,ross the age range (5 to
12 years) fc`;r (III the tasks employed.
Few significant sex differences were
found.
2. consideration cf tae pass/fail per-
formance patterns and associated
scaling analyses revealed a generally
reliable order of task difficulty, i.e.,
free sorting < double series reproduc-
tion < cross class reproduction < cross
class transposition < "Some-All" under-
standing < double series transposition
<producing three,dichotomies < class
inclusion understandiny < combindtorial
reasoning. These cross-sectional
findings suggest the possibility of a
similar acquisition sequence for an
individual child over the present age
range.
3. The task dimensionality analyses
indicated that several performance
factors are present in the overall Piagetian
task series. This suggests a relatively
nonunitary picture for cognitive growth
as assessed by classificatory tasks
related to concrete ,operations period
functioning.
4. The subsidiary matrix task analyses
indicated major discrepancies with the
previous research. As anticipated, the
matrix reproduction task requirement
was consistently less difficult than
the matrix transposition task. The
comparisons across the three matrix
types indicated the following orders of
difficulty for the younger subjects:
(a) reproduction task--cross classification
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> double seriation > classification sed-
ation, and (b) transposition task- -cross
classification = double seriation > clas-
sification seriation. However, major
conceptual and methodological deficien-
cies in the present matrix transposition
task formats preClude any definitive
generalizations at this point.

C

.
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5. In essential agreement with the conten-
tions of Inhelder and Piaget (1969) and
Kofsky (1966), the child's understanding
of the logic inherent in class inclusion
relationships (combinatorial structure)
evolves -.gradually and is contingent upon
the earlier mastery of certain classifica-
tory skills of lesser complexity.
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GROUP 1

Aro

Materials: 3 small blue squares

,r2

2 large blue squarei;

3 small blue circles

3 large blue circles

3 small red squares

3 large red squares

3 small red circles

2 large red circles

Warm-Up

The examiner' places all objects randomly on the table and says, "Here

are some blocks for us to work with, Tell me what you see."

If the child doelnot spontaneously say,, "red," "blue," "circle," "square," 1

"big," "little," the examiner picks up two blocks at a time for contrast and

asks the child, "Are these (just) the same? How are they different?" or "What's

different about them?" The examiner continues this process until the child has

been presented with contrasts representing each of the attributes (color, size,

shape) that he did not say spontaneously. When the child correctly identifiqs

an attribute, the examiner indicates that he is correct and repeats the name -

of the attribute. To conclude the warm-up, the examiner summarizes, "Good,

you told me that there bre squares and circles, that some are red and some

are blue, and that some are big and some are small."

Criteria

Any child who cannot distinguish, as indicated by some'form of labeling',

between the attributes presented be eliminated from the sample,
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FREE SORT

The examiner places all objects randomly on the table and says, "Put

together eV. the blocks that go with each other," (The examiner should not

use the words alike or different.) When the child has finished, the examiner

asks, "Why did you put the blocks together like this?"

The examiner may repeat the directions three to four times, but the

child should not be pushed. If the child responds, the examiner should be

certain to ask if the child is finished before asking for an explanation.

If.the child does not respond, the examiner should go on to the first

dichotomy.
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DICHOTOMOUS SORTING -

Materials: Same as in the free sort tasks, plus 2 flat open.boxes.

First Dichotomy

The-examiner mixes all the objects randomly, puts two boxes in front

of the child and says, "Here,are two boxes. Now I want you to divide these

blocks into two bunches. Put one kind in this box, and one.kind in this box."

When the 4ild has finished, the examiner, pointing to one box and then the

other, says, "Why did you put these in,here 'and these in here?"

The examiner may repeat the directions three to four times, but the

child should not be pushed. IP the child makes any kind of.dichotomy, go on to

the second dichotomy. If the child does not respond 'at all, the examiner

should go on -to the next task.

Gcond Dichotomy

The objects are again mixed and the examiner says, "Last time you

separated the two (colors,4sizes, shapes). This time I want

you to make two bunches in another way. Put one kind in here and one kind in

here. Remember, do it in a different way." (If the child'starts to repeat his

first dichotomy, the examiner allows him to finish what he storied.) When the

child has finished, the examiner, pointing to one box and then the other says,

"Why did you put these in here and these in here?"

The examiner may repeat the directions. If the child makes a second dichotomy

of any kind (including a repeat of the first dichotomy), the examiner should go on
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to the third dichotomy. If the child tines no, Ipond, the examiner should go

on to the next task.
.

w
Third Dichotomy

The objects are again mixed and the examiner says, "First you separated

the two (colors, sizes, shapes), and then you separated the

two (colors, sizes, shapes). This time I want you to make

two bunches in even another way. Put one kind in here and one kind in here.

P
Reinember, do it in even a different way." (If the child repeats his first QY

60
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scond dichotomy, the examiner allows him to finish what he storied.) I.:pen the

(..hild has finished, the examiner, pointin; to one box and then the other says,

"Why did you put these in here and thes in here?"

At this point: (a) if the child has made two of the three posible

diaotomie's, the examiner should go on to a fourth dichotomy, repeating direLtions

for the third dichotomy; (b) if the child has made"only one of the dichotomies or

has made all three dichotomies, the examiner should go on to the next task.

PT.
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GROUP II

SOME-ALL

Materials: 4 blue squares

2 blue triangles

3 red triangles

Procedure:

The examiner places the blocks on the table in random order, the blocks

all oriented in the same direction, and says, "Tell me what you see here." If

the child doesnot spontaneously say, "triangle," "square," the examiner asks

what shapes he sees. If the Child does not spontaneously say "red," "blue,"

the examiner asks what colors he sees. The examiner says,

1. "Look at all the red.blocks." When the child has finished looking the

examiner continues. "Are all the red blocks triangles?"

2. "Look at all the triangle blocks . . . . Are all the triangle blocks red?"

3., "Look at all the square blocks . . . . Are all the squaie blocks blue?"

'4. "Look at all the blue blocks . . . . Are allthe blue blocks squares?"

The four question are presented in random order. For the last two quesyions

presented the examiner asks, "How do you know?"
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CLASS INCLUSION

Materials: 3 red triangles\

2 blue triangles

4 blue squares

Procedure:

3 yellow circles

2 blue circles

For'each task the examiner places the blocks on the table in random

order. The child may count the blocks but may not manipulate or group them.
yo

1. Materials: 3 red triangles, 2 blue triangles.

The examiner places the triangles, all oriented in the same

direction, on the table and says, "Tell me what you see here.

If the child does not spontaneously count the blocks, the

examiner asks, "How many triangle blocks are there? How many

blue blocks? How many red blocks?" The examiner then asks,

"Are there more triangle blocks or more red blocks? . . .4more

triangle blocks or more red blocks?

2. Materials: 3 yellow circles, 2 blue circles.
.

The examiner places the circles on the table and asks the

child to count them (as in 1). The examiner then asks, "Are

there more blue blocks or more circle blocks?. . . . more blue

blocks or more circle blocks?"

3. Materials: 3 red triangles, 2 blue triangles, 4 blue squares.

The examiner places the objects, all oriented in the same

direction, on the table and asks the child to count them
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(as in 1). The examiner then asks, (a) "Are there more triangle

blocks or more red blocks? . . . more triangle blocks or more

red blocks? How do you know?" (b) "Are there more blue blocks

or more square blocksl . . more blue blockS or more square

blocks? How do you know?" (c) "Are there more blue blocks

or more triangle blocks? . . more blue blocks or more triangle

blocks? How do you know?"

If in any casethe subject does not respond, or responds in terms of the

wrong attributes, the examiner may repeat the questioning once.

On the last three trials the examiner asks, "How do you know?"
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GROUP III

CROSS CLASSIFICATION MATRIX

The examiner places the blocks on the board in the following positions:

S

U Blue

,L0

E

Yellow

Red

ffi

From where the child is, sitting, red is on top, yellow in the middle, and blue

on the bottom. Squares are at his/her left, circles are in the center, and

triangles are at the right.

Warm-Up

The examiner places the nine blocks on the table and says, "Tell me what

you see here." If the child does not spontaneously give the attributes, "Wangle,"

"circle," "square," the examiner asks what shapes he sees. If the child does

not spontaneously give the attributes "red," "yellow," "blue," the examiner asks

what colors he sees.

The examiner then says, "Now I am going to put the blocks on here in a

special way." He places the-blocks on the board saying, "Look very carefully

at how the blocks go."
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Replacement,

The examiner says, "Now I am going to take away one block and I want

you to put it back so that the board looks just the same as it does right now."

These directions may be repeated in order to insure that the child realizes

uat is expected of him. If the child tends to watch the examiner while

listening to the directions, he is asked to watch the board carefully before

the examiner removes the block. The examiner then removes one block (randomly

selected), puts it on the table near the bottom left of the board, and says,

"Now you put this block back where it belongs." When the child has finished

.

the examiner says, "Now I am going to take away two blocks and I want you to

put them back so the board looks just the same as it does right now." The

examiner then removes two adjacent blocks (randomly selected) and says, "Now

you put these back where they belong." When the child has finished the examiner

says, "Now I am going to take away three blocks and I want you to put them back

so the board looks just the same as it does right now." The examiner then

removes the blocks on one of the diagonals and-says, "Now you put these back

where they belong."

Reproduction

The examiner says, "This time I am going to take all of the blocks off

the board and I want you to put them back-so the board looks lust the same as

it does right now. Look at the board very carefully so you can remember just

what it looks like." When the child has finished looking the examiner removes

the blocks, mixes them, and says, "Now I want you to put the blocks back so that

the board looks just the same as it did before."

a
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Transposition

The examiner says, "This time I am going to take all of the blocks off

of the board again. Then I am going to put one back, but it will be in a

different place. I want you to put the blocks back so they make a pattern like

this one. Now, look at the board again very carefully so you can remember just

what it looks like." When the child has finished looking the examiner removes

all of the blocks, mixes them, and places the bottom left-hand block '(blue square)

at the top left-hand corner. The examiner then says, Now you put all these

blocks back on the board so they make a pattern like they did before. Remember,

this one must stay right here." If the child lifts the blue square, he is

reminded that it is to stay in its place.

General

The child is always reassured about his performance whether he replaces

all the objects correctly or not. If at any time the child replaces the blocks
o

incorrectly, they are placed correctly by the examiner before Proceeding to the

next task. However, when this happens the examiner reassures the child that he

is doing well and explains that he (the examiner) is arranging the blocks for

the next game. After the warm-up, the examiner never mentions the color or

shape of, any of the blocks.'
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CLASSIFICATION SERIATION MATRIX

The examiner places the blocks on the board in the following positions:

S

B-1 Y-1 R-1

B-2 Y-2 R-2

B-3 Y-3 R-3

E

From where the child is sitting, the tall cylinders are on the top, the medium

cylinders are in the middle, and the,short cylinders are on the bottom. The

red cylinders are at his/her left, yellows are in the center, and blues are at

the right.

,Warm -Up

The examiner places the nine blocks on the table and says, "Tell me what

you see here." If the child does not spontaneously give the attributes,' "red,"

"yellow," "blue," the examiner asks what colors he sees. If the child does not

spontaneously mention the different heights, the examiner points to blocks

differing in height (same color) and asks how they"are different.

The examiner then says, "Now I am going to put the blocks on here in a

special way." He places the blocks on the board saying, "Look very carefully

at how the blocks go."
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Replacement

The examiner says, "Now I am going.-to take away one block and I want you

to out it back so that the board looks just the same as it does right now."

These directions may be repeated in order to insure that the child realizes

what is expected of him. If the child tends to watch the examiner while

listening to the direCtions, he is asked to watch the board carefully before

the examiner removes the block. The examiner then removes one block (randomly,

selectad),.puts it on the table near the bottom left of the board, and says,

"Now you put this block back where it belongs." When the child has finished

the examiner says, "Now I am going to take away two blocks and I 'want you to

put them back so the board looks just the same as it does right now." The

examiner then removes two-adjacent blocks (randomly selected) and says, "Now

you put these bgck where they belong." When the child has finished the examiner

says, "Now I am going to take away three blocks and I want you to put them

back so the board looks just the same as it does right now." The examiner

then removes the blocks on one of the diagonals and says, "Now you put these back

where they belong."

Reproduction

The examinerxaminer says, "This time I am going to take all of the blocks off

the boar and I want you to put them back so the board looks just the same as

it does right now. Look at the board very carefully so you can remember just

what it looks like." When the child has finis'aed looking the examiner removes the

blocks, mixes them, and says, "Now I want you to put the blocks back so r.at the

board looks lust the same as it did before."
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Transposition

The examiner says, "This time I.am going to take all of the blocks off of

the board again. Then I am going to put one back, but it will be in a different

place. I want you to put the blocks back so they make a pattern like this one.

Now,,look at the board again very carefully so you can remember just what it

looks like." When the child has finished looking the examiner removes all of

the blocks, mixes them, and places the bottom left-hand block (R-l) at the

top left-hand corner. The examiner then says, "Now you put all,these blocks

back on the board so they make a Qattern like they did before. Remember, this

one must stay right here." If the child lifts the cylinder, he is reminded

that it is to stay in its place.

General

The child is always reassured about his performance whether he replaces

all the objects correctly or not. If at any time the child replaces the

blocks incorrectly, they are placed correctly by the examiner before prOceeding

f

to the next task. However, when this happens the examiner reassures the child

that he is doing well and explains that he (the examiner) is arranging the

blocks for the next game. After the warm-up, the examiner never mentions the

color or height of any of the blocks.
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DOUBLE SERIATION MATRIX

The examiner places the blocks on the board in the following positions:

S

S-1 M-1' F-1

S-2 M-2 F-2

S-2 M-3 F-3

E

From where the child is sitting, the tall cylinders are on the top, the medium

height cylinders are in the middle, and the short cylinders are on the bottom.

Wide cylinders are at his/her left, the medium width cylinders are in the center,

and the narrow cylinders are at the right.

Warm-Up

The examiner places the nine blocks on the table and says, "Tell me what

you see here." If the child does not spontaneously mention the different

heights, the examiner points to blocks differing in height (but not width)

and asks how they are different. If the child does not spontaneously mention

the different widths, the examiner points to blocks differing in width (but

not height), and.asks how they are different. (If the child hesitates, the

examiner may provide him with the words "skinny" and "fat.")

The examiner then says, "Now I am going to put the blocks on here in a

special way." He places the blocks on the board saying, "Look very carefully

at how the blocks go."
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Replacement

The examiner says, "Now I am going to take away one block and I want you

to put it back so that the board looks just the same as it does fight now."

These directions may be repeated in order to insure that the child-realizes

i

what is expected of him. If the child tends to watch the while

listening to the directions, he is asked to watch the board car fully before

Lthe examiner removes the block.' The examiner then removes one lock (randomly
ti

selected), puts it on the table near the bottom left of the bo rd, and says,

"Now you put this block back where it belongs." When the child has finished the

texaminer says, "Now I am going to take away two blocks and I ant you to put

them back so the board looks just the same as it does right ow." The examiner

then removes two adjacent block (randomly selected) and says, "Now you put these

pfick where they belong." When the child has finished the examiner says, "Now

I am going to take away three blocks and I want you to put them back so the

1

board looks just the same as it does right now." The exam?er then removes

the blocks on one of the diagonals and'says, "Now you put these back where

i

they belong."
i

I

/

Reproduction
I

The examiner says, "This time I am going to take all of the blocks off

the board and I want you to put them back so the board looks lust the same as

/
it does right now. Look at the board very carefully so /you can remember just

what it looks like." When the child has finished looking the examiner removes

the blocks, mixes them, and says, "Now I want you to put the blocks back so that

the board looks iust the same as it did before."
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Transposition

The examiner says, "This time I am going to take all of the bloCks off

of the board again. Then I am going to put one back, but it will be in a

different place. I want you to put the blocks back so they make a pattern

like this one. Now, look at the board again very carefully so you can

remember just what it looks like." When the child has finished looking the

examiner removes all of the blocks, mixes them, and places the bottom left-hand

block (F-1) at the top left-hand corner. The examiner then says, "Now you

put all these blocks back on the board so they make a pattern like they did

before. Remember, this one must stay right here:" If the child lifts block

F-1, he is reminded that it is to stay in its place.

General

The child is always reassured about his performance whether he replaces

all the objects correctly or not. If.,at any time the child replaces the

blocks incorrectly, they are placed correctly by the examiner before proceeding

to the next task. However, when this happens the examiner reassures the child

that he is doing well and explains that he (the examiner) As arranging the

blocks for the next game. After the warm-up, the examiner never mentions the

height or width of any of the blocks.
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GROUP IV

COMBINATORIAL REASONING

Materials: Counting chips: 10 red, 10 green, 10 yellow, 10 blue, 10 white,

10 orange, 10 brown, 10 light blue.

Two Colors

The examiner places on the table the pile of 10 red chips and next to

these the pile of 10 green chips and explains, "Now we are going to work with

chips of different colors. Here are some red chips and here are 'some green chips:

With these red and green chips I can make a pair like this (RG), one red and one

green."

Three Colors

The examiner then places on the table a pile of 10 yellow chips and says,

"Let's use the yellow chips too. Now, I want you to make a pair of colors that

is different from this pair. Put your pair right here under this (RC) one."

If the child hesitates, the examiner repeats the directions. If the child still

has difficulty, the examiner may repeat the directions a third time and help the

child to make a second pair (either RAF or GY).

When this is done the'examiner says, "Good, you have two different pairs

of colors; now, put together another pair of colors that you don't have yet.

Put it here (under the two paris already completed)." The examiner may repeat

4
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the directions if necessary. If the child has particular difficulty, the

examiner puts down one of whichever color is needed and says, "Put another

color here next to the-----one. Put another color that is not (the color

already paired with the color presented)."

Rules

The examiner explains, "This was practice to help you understand the game

with the chips. There are two things to remember about using the chips. First,

remember that each pair you make is to have two different colors. Does this

pair' (RR) count?" If the child says, "No," the examiner asks, "Why?" If the
0

child says, "Yes," the examiner repeats the instructions and presents a

second example (Si? or GG). Once the child understands the rule, the examiner

continues, "So, the first rule is that each pair has two colors. Second, remember

that each time you are to put down a new (different) pair of colors. In this

game this (GR) counts the same as this (RG) since they both use the same colors.

Each time you put down a new pair of colors." The examiner then puts down

another pair of colors that is the reverse of a pair already out and asks, "Does

this count?" If the child says, "No," the examiner asks, "Why?" If the child

says, "Yes,'' the examiner explains that X and Y are the same two colors as Y and

X so they do not count as a new pair. The examiner then presents a second pair

that is the reverse of a pair already on the table and discusses it as before.

Oncf, the child understands the rule, the examiner has him help put the chips

back in their color piles.
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Four Colors

When the chips are again in their color piles the examiner takes out the

pile of 10 blue chips and places the four piles in a horizontal row about 15

inches in front cf the child and says, "Now, show me all t e pairs you can make

using these four'colors. Remeglber, each pair must have two colors and each

time ou are to ut down a new air of colors." If the child seems to haVe

difficulty starting the examiner may repeat the directions twice but may not

manipulate the chips. If the subject pauses for a long time or says, "That's

all," before completing all six possible pairs, the examiner says, "Look and

see if you can find any more pairs." (This prompt may be given only once.")

When the child has finished the examiner asks, "How did you decide to make this

pair, then this pair . . . 7" The examiner then has the cttld help him put the

chips back in their color piles.

Six Colors

The examiner then adds a pile of 10 white chips and a pile of 10 orange

chips to the horizontal row of chips (they are placed at be end of the row to

the child's right) and says, "Here are some white chips -e orange chips.

Now there are six colors. I want you to show me again how many ,,airs you can

make. Remember, each pair is to nave two colors and each time you are to put

down a new pair of colors." If the child appears to have difficulty starting,

the examiner may repeat the directions twice but may not manipulate the chips.

If the subject pauses for a long time or says, "That's all," before completing

all 15 possible pairs, the examiner says, "Look and see if you can find any
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more pairs." (This prompt may be 'Oven only once.) When the child has finished

the examiner asks, "How did you decide to make this pair, theff-this pair . . . ?"

Eight Colors

Leaving the chips as the child has arranged them on the table, the examiner

then presents 10 brown chips and 10 light blue chips'saying, "Now, here are some

brown chips and some light blue chips. This time, I want you to show me how

many more pairs you can make. Show me how many more pairs you can make with

(noi that you have) these new colors."

4
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Appendix B
Scoring Sheets For Classification Tasks
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Name

School

Grade

Birthday

Age

Sex

Examiner

Date

-p 86

Order of Administration

GROUP I

Free Sort

Dichotomies

GROUP II

Some-All

Class Inclusion

GROUP III

Cross Classification Matrix

Classification Seriation Matrix

Double Seriation Matrix

GROUP IV

Combinatorial Reasoning



FREE SORT

Slla
"Put together all the blocks that go with each other."

Approach:

1. Criteria
. a. keeps same

b. shifts
c. can't tell

2. Works quickly and efficiently
a. yes

b. no

c. yes, then no
d. no, then yes

Product:
.s.

1. No response

2. Graphic Sort
a. no. of blocks used
b. arrangement (pattern)

3. NonExbaustive,Sort
a. no. of olocks not sorted
b. all blocks sorted, but mistakes made

4. Exhaustive Sort

If 3 or 4, is the sort according to:
a. size e. size and color
b. shape f. shape and color
c. color g. size, shape, and color

d. size and shape h. other

Time

'to

Justification:

"Why did you put the blocks together like this?"

1. No justification

2. Irrelevant justification

3. Relevant justification
a. size shape

b. other
color

Time
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FIRST DICHOTOMY Time

.

"Divide all these blocks into two bunches. Put one kind in here and one kind in

here."

Appro#chl

1. Criteria
a. keeps same
b., shifts
c. can't tell

IP

2. Works quickly and efficiently
a. yes
b. no

c. yes, then no
d. no, then yes

Product:

1. No dichotomy
a. Graphic Sort

(1) no. of blocks used
(2) arrangement (describe)

b. Non-Exhaustive Sort
(1) no. of blocks not sorted
(2) all blocks sorted, but 'mistakes made

c. Makes small grouping, but fails to dichotomize the groups according to
a set criterion

d. Equivalent Sort
e. Other

2. Dichotomous Sort

Criterion:

(for lb, lc, 2)
a. size

b. shape
c. color

Justification:

"Why did you put these in here and these in here?"

1. No justification

2. Irrelevant Justification

3. Relevant justification
a. size shape color

b. other

88

Time
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SECOND DICHOTOMY Time

"Last time you separated the two (sizes, shapes, colors).

This time make two bunches in another way. Put one kind in here.and

one kind in here. Remember, do it in a different way."

Approach:

1. Criteria
a. keeps same
b. shifts
c. can't tell

2. Works quickly and efficiently
a. yes
b. no

c, yes, then no
d. no, then yes

Product:

1. No dichotomy
a. Graphic Sort

(1) no. of blocks used
(2) arrangement (describe)

b. Non-Exhaustive Sort
(1) no. of blocks not sorted
(2) all blocks sorted, but mistakes made

c. Makes small grouping, but fails to dichotomize the groups
according to a set critr ion

d. Equivalent Sort
e. Other

2. Dichotomous Sort

Criterion:

(for lb, lc,-2)

a. size

b. shape
c. color

Ju2tification:

"Why did you put these in here and these in here?"

1. No justification

2. Irrelevant justification

. 3. Relevant justification
a. size shape color

b. other

Time

81
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THIRD DICHOTOMY Time

"First you seplarated the two (sixes, shapes, colors), and then

you separated the two (sixes, shapes, color's). This time I want

you to make two bunches in even another way. Put one kind in here and one

kind in here. Remember, do it in even a different way."

Approach:

1.' Criteria
a. keeps same
b. shifts
c. can't tell

2. Works quickly and efficiently
a. yes
b. no
c. yes, then no
d. no, then yes

Product:

1. No dichotomy
a. Graphic Sort

(1) no. of blocks used
(2) arrangement (describe)

b. Non-Exhaustive Sort
(1) no. of blocks not sorted
(2) all blocks sorted, but mistakes made

c. Makes small grouping, but fails to dichotomize the groups
according to a set criterion

d. Equivalent Sort
e. Other

2. Dichotomous Sort

Criterion:

(for lb, lc, 2)

a. size
b. shape
c. color

Justification:

"Why did you put these in here and these in here?"

1. No justification

2. Irrelevant justification

3. Relevant justification
a.. size shape color
b. other

7. 90
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FOURTH DICHOTOMY Time

"First you separated the two . (sizes, shapes, colors), and then

A

you serarAted the two (sizes, shapes, colors). This time I

want you to make two bunches in even ahother way. Put one kind in here and

one kind in here. Remember, do it in even a different way."

Approach:

1. Criteria
a. keeps same
b. shifts

c. can't tell

2. Works quickly and efficiently
a. yes
b. no

c. yes, then no

d. no, t;.an yes

Product:

1. No diChotozy

a. Graphic Sort
(1) no. of blocks used

(2) arrangement (describe)

b. Non-Exhaustive Sort
(1) no. of blocks not sorted

(2) all blocks sorted, but mistakes mach.

c. Makes small trouping, but fails to dichotomize the rroups

according to a set criterion

d. Equivalent Sort

e. Other

2. Dichotomous Sort

Criterion:

(for lb, lc, 2)

a. size
b. share

49,
c. color

Justification:

"Why did you put these in here and these in here?"

1. No justification

2. Irrelevant justification

3. Relevant justification

a. size shape

b. other

color

Time

91
83
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Time
SOME-ALL

Materials: 4 blue squares
2 blue triangles
3 red triangles

Randomize order, ask for justification on list two ("How do you know?")

---0,- 1. "Look at all the red blocks . . . . Are all the red blocks triangles?"

Answer: Yes* No

Justification:

2. "Look at all the triangle blocks . . . . Are all the triangle blocks

red?"

Answer: Yes No*

Justificatibn:

3. "Look at all the square blocks . . . . Are all the square blocks

blpe?
/
"

(Answer: Yes* No

Justification:

4. "Look at all the blue blocks . ., . Are all the blue blocks square?"

Answer: Yes No*

Justification:

/

Time

4
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Time

CLASS INCLUSION

1. Materials: 3 red triangles, 2 blue triangles

"Are there more triangle blocks or more red blocks?"

Answer:
a. more triangles*
b. more reds
c. other

2. Materials: 3 yellow circles, 2 blue circles

"Are there more blue blocks or more circle blocks?"

Answer:

a. more circles*
b. more blues
c. other

3. Materials: 3 red triangles,'2 blue triangles, 4 blue squares,

3a. "Are there more'triangle blocks or more red blocks?"

Answer:
a. more triangles*
b. more reds
c. other

Justification ("How ;do you know?")
4

3b. "Are there more blue blocks or more square blocks?"

Answer:
a. more blues*
b. more squares
c. other

Justification ("How dc you 'know?") I

3c. "Are there more blue blocks or mo e triangle blocks?"

Answer:

a. more blues*
b. more triangles

c. other

Justification ("How do you know? ") I

Time

93
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CROSS CLASSIFICATION MATRIX

Replacement
One block

a: placed correctly
b. other

Two blocks
1a, placed correctly
b. placed in reversed order
c, other

Three blocks
a. placed correctly
b. other

Time

S

.6 0

Q

E

S

Reproduction
Color

a. identical
b. transposed (indicate)
c. inconsistent (draw)

Shape

a. identical
b. transposed (indicate)
c. inconsistent (draw)

S

E

S

1

Trsnsposition

86
4

^tr 94

Time

.3 E
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CLASSIFICATION SERIATION MATRIX Time

Replacement.
One block

a. placed correctly
b. other

Two blocks
a. placed correctly
b. placed in reversed order
c. other

Three blocks
a. placed correctly
b. other

Reproduction
Color

a. identical
b. transposed (Indic/ace)

c. inconsistent (draw)

Height
a. identical .

b. transposed (indicate)

c. inconsistent (draw)

Transposition

9r"0

Time

B
Si R

B-1 Y-1 R-1

B-2 Y-2 R-2

B-3 Y -3 R-3

E

S

E

S

E

'S

R-1

E

1

87,

I

,.,

A
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DOUBLE SERIATION MATRIX Time

S
Replacement S A F

One block
a. placed correctly S-1 M-1 F-1 1
b. other

S- 2 A-2 F-2 2

Two blocks
a. placed correctly
b. placed in reversed order
c. other

S-3 A-3 F-3 3

E

Three blocks
a. placed correctly
b. *other

Reproduction
Width

a. identical
b. transposed (indicate)
c. inconsistent (draw)

Height
.a. identical
b. transposed (indicate)
c. inconsistent (draw)

Transposition

4'

88

11 96

Time

S

E

S

E

S

F-1

F.

GPO *Of ^/11411.-3
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o COMBINATORIAL REASONING, r!--
..

'Show me all%the pains you can make using fhe4e e,

pajx,must have, twiii co.lfband.each time you are to put

./...."7"'
. .,. 6

Four Colors - ,

RC' GY ;
,f

RY ' GB number correct. pairs

11 -----"B 'GB.° number repeats °,
. . . . 1'.

0

coiofs. Redemlier, each

down a ney pair of colors."

I

4

Approach:

6 *10 X & g & remaining

' 2. Makes sure each color there 3 timelk.

.(ail other colors), etc.,.resulting
Random pairs,.nd apparent system.

'Starts - then
t x

.

3.

4.

5. 'Other

4
4ustificationz0 "How di yob decided Makg this pair, then this 'pair . . . ?"'

colors, etc.
Xt 3 (all

in redundant

other .colors), Y
pairs.

O

v

4Six Col ors
r

RC
RY

RW
RO

.21

. GY
GB

G41.

GO

P
o

Approach

c--

.%

YB, . BW

YW Bo,

YO WO
number correct pails
number repeats

1. rX & remaining colow, Y & remaining colois, etc.

2. Makes,sure'each color there 5 times, x + 5 (all other

(all Other colors), etc., resulting inredundane pairing.

3. Random pairs, no apparent system.

4. Starts . then.

5. other ;

fi
colors), Y + 5

%

. JustfficatiOnj

L.

rd

lj

44

89
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EightColdrs . ..$
..., '.

BrR BrW LbR . LbW
.

BrG . BrO LbGs - Lb0 '

..

BrY BrLb LbY
;

.4 ' BrB ..
. .14113 .

. .

. . .
. .number correct pairs $

number repeats - new pairs v .

, ,
number repeats - old pair's -s . G-

$

Approach: 9
.

,1. 'X & remaining colors, Y & remaining colors, etc.
2. Makes.spre each there 7-times, X +7(all other colors), Y + 7 (all

othei colors), etc., resulLingin redundant pair= ,

3. Random,pairg, no apparent system. ,
1 °

.. .4. Starts then .

5. Other .

Justification:

sr

.1

4 0

.1;

4
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